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ADVERTIS  EMENT. 


T3EING  encouraged  by  the  very 

rapid  fale  of  the  firlt  edition  of 

this  work,  to  offer  another  to  the 

public,  I have  endeavoured  to  render 

it  more  perfed  by  fuch  additions  and 

alterations,  as  either  occurred  to  my 
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own  mind,  or  were  fuggefted  to  me 
by  others.  The  reader  will  find  moft 
of  the  chapters  either  enlarged  by  the 
addition  of  new  matter,  or  improved 
by  a different  arrangement  of  the 
old  ; more  particularly,  the  chapters 
on  medical  eledricity  and  the  Lev- 
den  phial. — The  effay  on  magnetifm 
is  alfo  confiderably  enlarged ; for  the 
prefent  difpofition  and  order  of  treat- 
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ing  it  I am  indebted  to  the  ingenious 

and  kind  hints  of  Dr.  Lorimer.  The 
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additions  are  illuftrated  by  two  new 
plates,  and  an  engraved  frontifpiece. 
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IT  may  be  eafily  perceived  by  the  title  of  this 
work,  that  it  is  not  offered  to  the  public  as 
a finifhed  piece  on  the  fubjebt.  To  treat  of  the 
theory  and  practice  of  ele&ricity,  in  the  fulleft 
manner,  would  require  a larger  treat ile,  and 
employ  more  time  than  I can  devote  to  a work 
of  this  kind. 


The  fcience  of  ele&ricity  is  now  generally 
acknowledged  to  be  ufeful  and  important ; and 
there  is  great  reafon  to  think,  that  at  a future 
period  it  will  be  looked  up  to  as  the  fource  from 
whence  the  principles  and  properties  of  natural 
philofophy  muft  be  derived;  its  utility  to  man 
will  not  be  inferior  to  its  dignity  as  a fcience. 
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I have  not  attempted  to  trace  electricity  from 
its  firft  rude  beginnings,  or  to  follow  the  mind 
of  man  in  its  various  and  irregular  wanderings, 
in  learch  of  the  laws  by  which  it  acts,  and  the 
Source  from  whence  it  is  derived,  as  this  has 
been  fo  well  executed  by  Dr.  Prieftley.  Our 
view  of  things  is  fo  circumfcribed,  and  the  myf- 
teries  of  nature  fo  profound,  that  it  is  not  eafy 
for  us  to  determine,  whether  the  received  theory 
is  founded  on  the  bafis  of  truth,  and  confonn- 
able  to  nature,  or  whether  we  Avail  be  consider- 
ed, by  future  philofophers,  as  mere  children, 
amuled  and  Satisfied  with  imperfect  opinions  and 
ill-digefted  theories.  When  a variety  of  things 
are  mixed  together,  which  have  little  or  no 
connexion,  they  naturally  create  confufion.  It 
has  been  my  endeavour,  in  the  following  effay, 
to  collect  and  arrange,  in  a methodical  and  con- 
cile  manner,  the  effential  parts  of  electricity,  by 
thefe  means  to  render  its  application  eafy,  plea- 
fant,  and  obvious  to  the  young  practitioner ; 
and  by  bringing  together  experiments  of  the 
fame  kind,  make  them  mutually  illuftrate  each 
other,  and  thus  point  out  the  Strength,  or  dis- 
cover the  weaknefs,  of  the  theories  that  have 
been  deduced  from  them.  Though  the  nature 
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and  confined  limits  of  my  plan  did  not  admit  of 
much  variety  of  oblervation,  or  a formal  enu- 
meration of  every  particular,  yet  few  things,  I 
hope,  of  ufe  and  importance,  have  been  omitted. 

As  I do  not  wifh  to  incur  the  imputation  of 
plagiarifm,  I with  pleafure  acknowledge  the  af- 
fiftance  I have  received  from  the  different  authors 
who  have  wrote  on  this  fubjedl.  I have  ufed  an 
unrel'erved  freedom,  in  feledting  from  their  works 
whatever  I found  to  anfwer  my  purpoie.  I am 
particularly  obliged  to  Sir  Jofeph  Banks,  for  his 
politenefs  in  lending  me  Les  Memoires  de  l’Aca- 
demie  de  Berlin  for  1780,  at  a time  when  I could 
not  procure  them  elfewhere. 

The  various  interruptions  and  avocations,  from 
which,  as  a tradefman,  I cannot  be  exempt,  will, 
1 hope,  induce  the  reader  to  make  lbme  favour  • 
able  allowances  for  any  errors  which  he  may  dis- 
cover, and  kindly  correft  them  for  himfelf. 

I beg  leave  to  avail  myfelf  of  this  opportunity 
to  .acquaint  the  public,  that  I am  now  engaged 
in  a work  defcribing  the  mechanical  parts  of  ma- 
thematical and  philofophical  learning,  and  ex- 
plaining the  various  ufes  of  the  different  inftru- 
ments  in  their  preient  (late  of  improvement; 
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which,  I truft,  will  greatly  tend  to  facilitate  the 
attainment  of  knowledge,  and  accelerate  its 
progrels.  For  this  purpofe  I have  been  at  a con- 
fiderable  expence  in  colledling  fuch  materials 
as  may  enable  me  to  offer  to  the  public  fome 
effays  on  this  fubje6t,  which  I hope  will  not  be 
found  unworthy  of  its  patronage,  and  which 
mean  to  publifh  with  all  convenient  fpeed. 
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ELECTRICITY. 


CHAP.  1. 

OF  ELECTRICITY  IN  GENERAL. 

IT  muft  appear  furprifing  to  every  fearcher 
after  truth,  that  electricity,  which  is  now 
allowed  to  be  one  of  the  principal  agents  em- 
ployed in  producing  the  phoenomena  of  nature, 
fhould  have  remained  fo  long  in  obfcurity;  for, 
comparatively  fpeaking,  its  exillence  was  not 
known  to  the  ancients.  They  were  not,  in- 
deed, altogether  ignorant  of  the  peculiar  pro- 
perties of  thofe  bodies  that  we  now  term  elec- 
trics per  se  ; neverthelefs  their  knowledge  was 
circumfcribed,  being  confined  to  the  obferva- 
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tion  only,  of  thofe  phoenomena  which  nature 
prefented  to  their  fenfes,  in  the  ordinary  courfe 
of  her  operations;  hence  near  two  thoufand 
years  elapled,  before  any  addition  was  made 
to  the  little  which  was  known  to  Theophraftus, 
and  this  branch  of  natural  hiftory  remained  un- 
cultivated, till  the  happy  period  arrived,  when 
the  philofopher  was  emancipated  from  the  chains 
of  hypothetic  reafoning,  and  the  uncertainties  of 
vague  conjecture. 

The  exiftence  of  this  fubtle,  and  in  moft 
cafes  invifible,  power,  was  then  traced,  and 
many  of  its  properties  developed ; its  agency 
was  difcovered  to  be  univerfal,  and  its  extent 
unlimited. 

Electricity  has  been  dignified  in  a peculiar 
manner,  by  engaging  the  attention  of  the  philo- 
fophic  hiftorian ; who,  by  delineating  the  gra- 
dual progrefs  of  its  difcoveries,  defcribing  the 
different  theories  which  have  been  invented  to 
account  for  its  effects,  and  pointing  out  the  de- 
siderata which  flill  remain  to  be  explored,  has 
contributed  in  a high  degree,  to  enlarge  the 
boundaries  of  electricity,  and  to  encreafe  the 
number  of  thofe  who  cultivate  it. 

Since  the  publication  of  Dr.  Prieflley’s  hif- 
tory, the  electrical  apparatus  has  been  confider- 
sibly  augmented,  and  many  new  experiments 

have 


have  been  made.  To  defcribe  the  one,  and  to 
arrange  the  other,  under  fuch  heads  as  will  point 
out  the  connexion  between  the  experiments  and 
the  received  theory  of  eledfricity,  was  one  of  the 
principal  views  I had  in  compofing  this  elfay. 
I alfo  wilhed  to  put  into  the  hands  of  my  cufi- 
tomers  a tradt,  which  might  enable  them  to  ufe, 
with  eafe  and  fatisfadtion,  the  eledtrical  machines 
and  apparatus  which  I recommend. 

As  electricity  is  in  its  infancy,  when  confider- 
ed  as  a fcience,  its  definitions  and  axioms  can- 
not be  Hated  with  geometric  accuracy.  I fhall, 
endeavour  to  avoid,  as  much  as  poflible,  the  ufe 
of  pofitive  expreflion ; in  order  to  invite  the 
reader  to  examine  the  experiments  himfelf,  to 
compare  them  one  with  another,  and  then  draw 
his  own  conclufions ; beginning  with  thofe  Ex- 
periments which  were  the  foundation  of  the  pre- 
fent  ftate  of  eledtricity,  and  which  gave  rife  to 
the  principal  technical  terms  made  ufe  of  in  this 
fcience. 


experiment  i. 

Rub  a dry  glafs  tube  with  a piece  of  dry  filk, 
prefent  light  bodies,  as  feathers,  pith  balls,  &c„ 
to  it,  they  will  be  attrafted,  and  then  repelled. 
A piece  of  black  or  oiled  filk  on  which  a little 
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amalgam  has  been  placed,  makes  the  befl  rub- 
ber for  a fmooth  glafs  tube:  foft  new  flannel 
fucceeds  well  with  fealing  wax. 


EXPERIMENT  II. 

Rub  a dry  flick  of  fealing  wax,  it  will  firft 
attraCt  and  afterwards  repel  thofe  light  bodies 
that  are  brought  near  to  it. 

The  friction  in  the  two  preceding  experiments 
has  put  in  action  an  agent,  or  power,  which  at- 
tracts and  repels  light  bodies;  this  power  is  cal- 
led ELECTRICITY. 

A certain  quantity  or  natural  fhare  of  the  elec- 
tric fluid,  is  luppofed  to  be  difleminated  in  all 
bodies,  in  which  flate  it  makes  no  impreflion  on 
our  fenfes ; but  when,  by  the  powers  of  nature 
or  art,  this  equilibrium  is  deftroyed,  and  the 
agency  of  the  fluid  is  rendered  vifible  to  the 
fenfes,  then  thofe  effeCts  are  produced  which  we 
term  electrical,  and  the  body  is  faid  to  be  elec- 
trified. 

Any  fubflance,  that  is  made  by  friction  to  ex- 
hibit eleCtric  appearances,  is  faid  to  be  excit- 
ed. 

Amber,  filk,  jet,  dry  wood,  and  a variety  of 
other  fubftances,  being  excited,  attraCt  and  re- 
pel light  bodies;  thefe  are  called  electrics. 

Such 
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Such  fubftances,  as  metals,  water,  &c.  the  fric- 
tion of  which  will  not  produce  this  power  of  at- 
traction and  repulfion,  are  called  non-elec- 
trics. 

When  the  excited  glafs  tube,  or  ftick  of  leal- 
ing  wax  is  in  good  order;  and  the  particles  of 
eleCtricity  are  lufficiently  united,  td  aCt  on  the 
organs  of  vifion;  pencils  of  light  will  then  dart 
from  the  tube  in  a beautiful  manner,  and  a 
fnapping  noife  will  be  heard  on  the'  approach 
of  any  conductor. 

EleCtricity  is  often  excited  by  other  caufes  as 
well  as  friction.  Thus  it  may  be  produced  by 
heating  or  cooling  of  fome  fubftances,  by  blow- 
ing of  air  violently  on  a body,  &c.  nay,  it  is 
probable,  that  whatever  removes  the  ftratum  of 
air  from  the  furface  of  any  body,  or  influences 
the  cohefion  of  its  parts  will  difturb  the  eleCtric 
fluid. 

The  difcharge  of  large  cannon,  and  the 
blowing  up  of  powder  magazines,  has  been 
known  to  eleCtrify  glafs  windows. 


EXPERIMENT  III. 

Let  a metallic  cylinder  be  placed  upon  filk 
lines,  or  upon  glafs,  bring  an  excited  eleCtric 
near  to  it,  and  every  part  of  the  metallic  cylin- 
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der  will  attract  and  repel  light  bodies,  as  forci- 
bly as  the  excited  eledtric  itfelf. 

EXPERIMENT  IV. 

Support  a dry  glafs  rod  on  filk  lines,  or  by 
glafs,  bring  an  excited  eledtric  near  it,  and  no 
attraction  or  repulfion  will  take  place;  becaufe 
the  electricity  cannot  be  tranfmitted  through  it. 

Thofe  bodies  which  poflels  the  power  of 
tranfmitting  electricity,  are  called  conductors 

AND  NON-ELECTRICS. 

Thofe  fubftances,  which  are  impervious  to 
electricity,  are  called  non-conductors,  or 

ELECTRICS. 

A body  which  communicates  with  nothing 
but  electrics,  is  faid  to  be  insulated. 

If  all  fubltances  poflefled  an  equal  power  of 
retaining  or  parting  with  the  electric  fluid,  the 
greater  part  of  its  phenomena  would  have  re- 
mained unknown  to  us ; but,  as  it  pafles  read- 
ily only  over  the  furface  of  fome  fubftances, 
while  others  refill  its  paflage,  or  are  nearly  im- 
permeable to  it,  we  are  enabled  to  accumulate, 
condenfe  and  retain  it  on  the  laft,  and  thus 
fubject  it  eafily  to  the  tell  of  experiment. 

From  the  third  and  fourth  experiments  we 
learn,  that  excited  eledtrics  will  communicate 

the 
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the  electric  powers  to  conducting  fubftances 
which  are  infulated,  that  thefe  will  then  attraCt 
and  repel  light  bodies,  &c.  fimilar  to  the  elec- 
tric itfelf ; with  this  difference  only,  that  a con- 
ductor, which  has  received  eleCtricity,  parts  with 
it  at  once,  when  it  is  touched  by  another  con- 
ductor that  communicates  with  the  earth ; where- 
as the  excited  eleCtric,  under  the  fame  circum- 
ftances,  only  lol'es  its  eleCtricity  partially. 

experiment  v. 


EleCtrify,  with  excited  glafs  or  feaiing  wax, 
two  infulated  cork  balls,  fufpended  by  lines  a- 
bout  fix  inches  long,  and  the  balls  will  feparate 
from  and  repel  each  other. 

EXPERIMENT  VI. 

EleCtrify  one  ball  with  glafs,  the  other  with 
feaiing  wax,  and  they  will  be  mutually  attract- 
ed. 

Thefe  two  oppofite  and  remarkably  diftinCt 
effeCts  in  the  attractive  and  repulfive  powers  of 
eleCtricity,  whereby  one  attracts  what  the  other 
repels,  were  difcovered  at  an  early  period  of  the 
hiftory  of  this  fcience. 
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The  eledtric  power  produced  by  the  excitation 
of  glafs,  is  called  positive  electricity,  and  the 
power  produced  by  the  excitation  of  fealing  wax 
is  called  negative  electricity.  1 This  differ- 
ence was  at  firft  thought  to  depend  on  the  elec- 
tric, and  it  was  thenfuppofed  that  the  two  kinds 
of  eledfricities  were  efientially  diftindt;  but  it  is 
now  known,  that  each  of  thefe  powers  may  be 
produced  from  the  excitation  of  either  glafs  or 
fealing  wax. 

Eledtricians  have  been  engaged,  by  the  dis- 
covery of  the  two  foregoing  diftindtions  to  ex- 
amine the  electric  properties  of  mod  bodies,  to 
afcertain  whether  they  pofleflfed  the  pofitive  or 
negative  powers;  by  this  means  the  catalogue 
of  eledtrics  has  been  confiderably  encreafed,  and 
it  was  Soon  found  that  every  fubftance,  we  were 
acquainted  with,  had  more  or  lefs  affinity  with 
the  eledtric  fluid*. 

CATALOGUE  OF  CONDUCTING  SUBSTANCES. 

i Stony  Sub  fiances. 

Stony  fubftances  in  general  condudt  very 
well,  though  dry  and  warm. 

* See  Dr.  Prieftley’s  Hiftory.  Cavallo  on  Electricity. 
Marat.  Recherches  fur  Pele&ricitc. 
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Lime-ftone  and  lime  juft  burnt  are  equally 
imperfedt  conductors. 

Marbles  condudt  confiderably  better  than 
free-ftone,  and  there  is  found  very  little  differ- 
ence among  any  of  the  fpecimens  of  marble 
that  have  been  tried. 

A large  piece  of  white  fpar  with  a tinge  of 
blue  and  femi-tranfparent,  will  hardly  condudt 
in  the  leaft  degree : pretty  ftrong  fparks  may  be 
taken  from  the  prime  conductor,  while  it  is  in 
contadt  with  it. 

A piece  of  agate,  femi-pellucid,  receives  the 
electric  fpark  into  its  fubftance;  though  it  will 
pafs  oyer  about  three  quarters  of  an  inch  of  its 
furface  to  reach  the  finger  that  holds  it,  and  it 
difcharges  the  battery  but  fiowly. 

A piece  of  flate,  fuch  as  is  commonly  ufed  to 
write  on,  is  a much  better  conductor  than  a 
piece  of  free-ftone,  which  condudts  but  poorly. 

Touch-ftone  condudts  pretty  well. 

A piece  of  gypfum  and  plaifter  of  Paris  con- 
dudts very  well,  only  the  latter  having  a fmooth- 
cr  furface  takes  a ftronger  fpark. 

A piece  of  aibeft  from  Scotland,  juft  as  it  is 
taken  from  its  bed,  will  not  condudt.  While 
in  contadt  with  the  conductor,  fparks  may  be 
taken  at  the  diftance  of  half  an  inch  with  a mo- 
derate electrification. 
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A piece  of  Spanifh  chalk  conducts  much  like 
marble. 

A piece  of  Egyptian  granite  conducts  confi- 
derably  better  than  free-ftone. 

2.  Saline  Bodies. 

Oil  of  vitriol  conducts  very  well. 

The  metallic  falts  in  general  conduCt  better 
than  any  neutrals. 

Vitriol  of  copper  and  of  iron  conduCt  very 
well,  though  they  will  not  tranfmit  a fhock. 

Vitriolated  tartar  gives  a fmall  fhock. 

Salt-petre  does  not  conduCt  fo  well  as  fal-am- 
moniac.  If  the  eleCtric  explofion  paffes  over 
its  furface,  it  difperfes  into  a great  number  of 
fragments,  in  all  directions,  with  confiderable 
violence. 

Volatile  fal-ammoniac  gives  a fmall  fhock. 

Rock-falt  conducts,  but  not  quite  fo  well  as 
allum;  the  eleCtric  fpark  upon  it  is  peculiarly 
red. 

Sal-ammoniac  exceeds  rock-falt  and  allum  in 
its  conducting  powers,  but  will  not  take  the  leafl 
fenfible  fpark ; fo  that  it  feems  made  up  of  an 
infinite  number  of  the  fineft  points. 

Salenitic  falts  conduCt  but  poorly. 
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By  allum  the  explofion  is  attended  with  a 
peculiar  hilling  noife,  like  that  of  a fquib. 

3.  Inflammable  Bodies. 

A piece  of  pyrites,  of  a black  colour,  takes 
fparks  at  a confiderable  diftance  from  the  prime 
conductor,  like  fome  of  the  inferior  pieces  of 
charcoal. 

Another  piece  of  pyrites,  which  has  been  part 
of  a regular  fphere,  confuting  of  a fhining  me- 
tallic matter,  will  not  conduct  near  fo  well, 
though  much  better  than  any  other  ftony  fub- 
ftance.  It  is  a medium  betwixt  a flone  and  an 
ore. 

Black-lead  in  a pencil  condu&s  a fhock  feem- 
ingly  like  metal  or  charcoal.  A fmall  lump  of 
it  takes  as  full  and  ftrong  a fpark  from  the 
prime  condu£tor  as  a brafs  knob. 

4.  Metals  and  Ores. 

A piece  of  gold  ore  from  Mexico  is  hardly  to 
be  diftinguifhed  in  this  refpedt  from  the  metal 
itfelf. 

A piece  of  filver  ore  from  Potofi,  though 
mixed  with  pyrites,  condu&s  very  well. 

Two  pieces  of  copper  ore,  one  the  mofl  va- 
luable 
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luable  that  is  known,  and  another  of  only  half 
the  value,  are  hardly  to  be  diftinguifhed  from 
one  another  in  their  conducing  powers. 

Lapis-haematites  condudts  pretty  well. 

Black-fand  from  the  coaft  of  Africa,  which 
is  a good  iron  ore,  and  part  of  which  is  affedted 
by  the  magnet  as  much  as  fleel  filings,  is  found 
to  condudt  eledtricity,  but  not  a fhock.  Sepa- 
rating with  the  magnet  all  that  will  be  eafily 
attradted  by  it,  it  condudts  a fhock  very  well ; 
the  reft  would  hardly  condudt  at  all. 

The  ores  in  which  the  metal  is  mineral- 
ized with  fulphur  or  arfenic,  as  the  ores  of  lead, 
tin,  and  cinnabar,  the  ore  of  quickfilver,  are 
little  inferior  to  gold  and  filver  ore. 

Ores  that  contain  nothing  but  the  earth  of 
the  metal,  condudt  eledtricity  little  better  than 
other  ftones. 

Lead,  tin,  iron,  brafs,  copper,  filver,  and 
gold. 


5.  Fluids. 

The  fluids  of  an  animal  body. 

All  fluids,  excepting  air  and  oils. 

Fluids  appear  in  general,  to  be  better  con- 
dudtors  in  proportion  as  they  contain  lefs  in- 
flammable matter. 

Mr. 
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Mr.  Cavendifh  has  Ihewn,  that  iron  wire  con- 
ducts about  four  hundred  millions  of  times  bet- 
ter than  rain  or  diftilled  water ; i.  e.  the  elec- 
tricity  meets  with  no  more  refiftance,  in  palling 
through  a piece  of  iron  wire  four  hundred  mil- 
lion inches  long,  than  through  a column  of  wa- 
ter of  the  fame  diameter  only  one  inch  long. 

Sea  water,  or  a folution  of  one  part  of  fait 
in  thirty  of  water,  conducts  an  hundred  times, 
and  a faturated  folution  of  fea  fait  feven  hun- 
dred and  twenty  times  better  than  rain  water. 

The  effluvia  of  flaming  bodies. 

Snow,  fmoke,  the  vapour  of  hot  water,  the 
vacuum  produced  by  an  air  pump,  charcoal, 
&c. 


ELECTRIC  BODIES. 

Amber,  jet,  pitch  and  fulphur;  likewife  all 
the  precious  Hones,  as  diamonds,  rubies,  gar- 
nets, topazes,  hyacinths,  chryfolites,  emeralds, 
faphires,  amethyfts,  opals,  and  efpecially  tour- 
malins : all  refins  and  relinous  compounds,  wax, 
filk,  cotton;  all  dry  animal  fubftances,  as  fea- 
thers, wool,  hair,  paper,  &c.  White  fugar,  air, 
oil,  chocolate,  calxes  of  metals,  dry  vegeta- 
bles, &c. 

I do  not  know  whether  it  is  altogether  pro- 
per 
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per  to  add  to  this  lift  of  electrics,  the  Torpedo 
and  Surinam  Eel,  living  electrics,  whofe  elec- 
tricity is  put  in  action  by  the  will  of  the  ani- 
mal. 

The  real  and  intrinfic  difference  between 
electrics  and  non-electrics,  remain  among  the 
electric  defiderata;  for,  nothing  more  is  afcer- 
tained,  than,  that  the  conducting  power,  in 
fome  meafure,  depends  upon,  or  is  governed  by 
heat.  Glals,  refin,  and  many  other  articles,  are 
made  conductors  by  heat;  while  on  the  contra- 
ry, cold,  if  not  attended  with  moifture,  renders 
every  electric  fubftance  more  eledtric. 

Mr.  Achard,  of  Berlin,  has  publilhed,  in  Ro- 
zier’s  Journal  de  Phyfique,  a very  ingenious 
paper  on  this  fubjedt;  in  which  he  proves,  by 
experiment,  ift.  That  certain  circumftances  will 
caufe  a body  to  condudt  electricity  which  before 
was  a non-conductor.  2d,  That  thefe  circum- 
ftances are  the  degrees  of  heat  to  which  this 
body  is  fubjedted.  He  endeavburs  to  fhew, 
that  the  principal  changes  which  take  place  in 
any  fubftance  from  an  increafe  of  heat;  are  an 
augmentation  in  the  fize  of  its  pores,  and  an 
increafe  of  velocity  in  the  igneous  particles  con- 
tained in,  and  acting  on,  that  body.  He  then 
proves,  that  the  laft  circumftance  does  not  oc- 
cafion  the  alteration  in  the  electric  properties; 

and 
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and  Infers,  agreeable  to  the  fyftem  of  Mr.  Euler, 
that  the  principal  difference  between  condudt- 
ors  and  non-condu&ors  of  electricity  confifts  in 
the  fize  of  the  pores  of  the  condiment  parts  of 
the  body. 

A LIST  OF  ELECTRIC  SUBSTANCES  AND 
OF  THE  DIFFERENT  ELECTRICITIES 
PRODUCED  BY  THEM. 


The  back  of  a cat  Pofitive 


Smooth  glafs 


Rough  glafs 


f Every  fubftance  with  which 
f it  has  been  hitherto  tried. 

f Every  fubftance  hitherto 
Pofitive  ^ tried,  except  the  back  of 
f a cat. 

f . fDry  oiled  filk,  fulphur, 

I Pofitive  < 

p metals. 

f Woollencloth, quills, wood, 
j Negative  d paper,  fealing-wax,  white 
f wax,  the  human  hand. 


i 


| Pofitive  Amber,  air.* 

I 

Tourmalin  ^ 

^Negative  Diamond,  human  hand. 


* i.  e.  By  blowing  with  a pair  of  bellows  upon  it.  By 
this  means  many  eleCtrics  may  be  excited,  and  fome  better 
if  the  air  blown  is  hot,  although,  in  both  cafes,  very  lit- 
tle electricity  can  be  obtained. 


Hare’s 


A 
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Hare’s  fkin 


White  filk 


Black  filk 


Sealing  wax 


Baked  wood 


Pofiti 


ve 


L 


Metals,  filk,  loadftone,  lea- 
ther,  hand,  paper,  baked 
wood. 

Negative  Other  finer  furs. 


f „ f Black  filk,  metals,  black 
| Pofitive  , , 

| cloth. 


{Paper, 
ikin. 


hand,  hair,  weafel’s. 


f Pofitive  Sealing  wax. 

^ f Hare’s  weafel’s,  and  ferret's 

j Negative  ikins,  loadftone,  brafs,  fil- 

L ^ ver,  iron,  hand. 

f Pofitive  Metals. 

^ j' Hare’s,  weafel’s,  and  fer- 

j Negative-^  ret»s  hand,  leather, 

L woollen  cloth,  paper. 

f Pofitive  Silk. 

) Negative  Flannel. 


Many  circumftances,  apparently  trifling,  will 
occafion  an  alteration  in  thefe  contrary  electrici- 
ties. It  has  been  faid,  that  of  two  equal  fub- 
ftances  rubbed  together,  that  which  fuffers  the 
greateft  friction,  or  is  molt  heated,  acquires  the 
negative  electricity.  Though  this  in  many 
cafes  holds  true,  with  refpect  to  filk  ribbons, 
yet  Mr.  Bergman  fays,  that  if  the  ribbon  A be 
black,  it  will  never  become  pofitive,  unlels  B 

be 
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be  black,  it  will  never  become  pofitive,  unlefs 
B be  black  likewife.  With  pieces  of  glafs  the 
effedt  is  contrary  ; for,  if  they  are  both  equal, 
the  piece  A,  which  is  drawn  acrofs  the  piece  B, 
becomes  negative;  and  B,  which  fuffers  the 
greateft  fridlion,  becomes  pofitive.  Heating 
by  fire  produces  the  fame  effedt  as  the  greater 
fridtion.  If  one  piece  of  glafs  be  thicker  than 
the  other,  the  former  becomes  pofitive,  the  lat- 
ter negative.  Coloured  glafs,  even  when  heat- 
ed, becomes  negative,  if  rubbed  with  common 
white  glafs.  If  a piece  of  blue  glafs  is  rubbed 
again!!  a green  one,  the  blue  glafs  becomes 

ftrongly  pofitive,  &c. Bergman,  Swedifh. 

Tran.  1765. 

The  eledtricities  produced  by  hair  and  glafs 
rubbed  together  feem  to  balance  each  other,  and 
are  therefore  different  according  to  the  manner 
of  rubbing  and  the  quality  of  the  hair. 

Hair  of  a living  animal,  or  hair  newly  cut, 
when  rubbed  with  a glafs  tube  lengthways,  is 
pofitive ; and  here,  the  glafs,  which  luffers  the 
greateft  fridlion,  is  negative.  But  if  the  glafs 
tube  be  drawn  acrofs  the  animal’s  back,  or 
acrofs  a fkain  of  hair  newly  cut,  the  glafs  be- 
comes pofitive.  Old  dry  hair,  rubbed  on  glafs 
or  on  living  hair,  always  becomes  negative ; but 
if  the  hair  is  a little  greafed  with  tallow,  the 
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iame  fame  effet  is  produced  as  with  living  hair. 
Wilke  Swed.  Tran.  1769. 

Eletrics  differ  from  each  other  with  refpet 
to  the  facility  with  which  they  are  excited,  their 
force  when  excited,  and  the  power  with  which 
they  retain  the  effets  of  the  excitation. 

Silk  feems  preferable  to  any  other  eletric 
fubftance,  for  exhibiting  a permanent  and 
ftrong  attractive  and  repulfive  power. 

Glals  appears  to  have  the  advantage  in  exhi- 
biting the  electric  light,  attraction  and  repulfion 
m quick  fucceffion,  in  a very  vigorous  though 
not  a durable  manner. 

Negative  electrics,  as  amber,  gum-lac,  ful- 
phur,  refin,  and  all  refinous  fubftanCes,  exhibit 
the  electric  appearances  for  the  greateft  length 
of  time.  A fingle  excitation  is  fufficient  to 
make  them  do  fo  for  many  weeks,  in  favourable 
circumftances.  They  are  alfo  remarkable  for 
the  ft rong  electric  powers  which  they  communi- 
cate to  conducting  bodies  that  come  in  contact 
with  them ; and  which  they  will  continue  to 
communicate  for  a confiderable  time. 

It  may  be  proper  to  obferve  here,  that  the 
two  claftes  of  eletrics  and  non-eletrics  are  not 
fo  ftrongly  marked  by  nature  as  to  enable  the 
eletrician  to  arrange  every  fubftance  with  pro- 
priety : hence  the  fame  fubftance  has  been 
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placed  by  different  writers  in  a different  clafs. 
Befides  this,  the  eleCtric  properties  of  the 
fame  fubftance  vary  on  a change  of  circum- 
ftances;  thus  a piece  of  green  wood  is  a con- 
ductor, the  fame  piece,  after  it  has  been  baked, 
becomes  a non-conduCtor;  charred  and  formed 
into  charcoal,  it  again  conducts  the  eleCtric 
fluid  j but  when  reduced  to  allies,  is  impervious 
to  it.  But  further,  the  diftinCtions  themfelves 
are  very  inaccurate,  fince  every  fubftance  is  in 
a certain  degree  a conductor  of  this  fluid,  tho’ 
fome  refill  its  paffage  more  than  others., 
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CHAP  II. 

OF  THE  ELECTRICAL  MACHI NE  ; WITH  DIREC- 
TIONS FOR  EXCITING  IT. 

AS  foon  as  the  properties  of  electricity  were 
in  fome  meafure  developed,  the  philofo- 
pher  and  the  artift  concurred  in  contriving  and 
executing  a variety  of  machines  to  excite  and 
accumulate  this  extraordinary  agent.  The 
greater  part  of  thefe  have  been  laid  afide,  in 
proportion  as  the  fcience  advanced,  and  its 
boundaries  were  extended.  I fhall,  therefore, 
only  defcribe  that  eleCtrical  machine  which  is 

J 

now  in  general  ufe,  whofe  conftruCtion  is  fimple, 
and  well  adapted  to  produce  the  eleCtric  fluid 
in  great  quantities,  and  to  tranfmit  it  in  full 
and  continued  ftreams  to  the  prime  conductor. 

That  the  operator  may  proceed  in  producing 
this  effeCt,  I fhall  firfl:  enumerate  thofe  parts  of 
the  machine  whi'ch  require  moft  attention  j then 
defcribe  the  machine  itfelf,  and  afterwards  give 
inftruCtions  to  enable  him  to  excite  it  power- 
fully. 

The  following  are  the  parts 'of  an  eleCtrical 
machine,  which  fall  more  immediately  under 
the  care  of  the  eleCtrician. 


The 
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1.  The  electric,  as  the  glafs  cylinder. 

2.  The  mechanical  contrivances  by  which 
the  electric  is  put  in  motion. 

3.  The  cufhion  and  its  appendages. 

4.  The  conductor  or  conductors. 

Fig.  1 and  2,  Plate  I.  reprefent  two  electrical 
machines  made  on  the  moft  approved  conftructi- 
cn.  They  are  both  mounted  and  ufed  in  the 
fame  manner,  and  differ  only  in  the  mechan- 
ifm  by  which  the  cylinder  is  put  in  motion. 

The  cylinder  of  fig.  2.  is  turned  round  by 
means  of  the  two  wheels  a b,  c d,  which  act 
on  each  other  by  a catgut  band,  part  of  which 
is  feen  at  e and  f. 

The  cylinder  of  the  machine  which  is  repre- 
femed  in  fig.  1 ; is  put  in  motion  by  a fimple 
winch,  which  is  lefs  complicated  than  the  other, 
and  not  fo  liable  to  be  out  of  order.  Molt 
practical  electricians,  however,  prefer  a machine 
which  is  moved  by  a multiplying  wheel, . as  it 
fatigues  the  operator  lels  than  that  which  is 
moved  by  a fimple  winch;  while  a moderate 
increafe  of  velocity  in  the  cylinder  augments 
the  momentum  of  the  electric  fluid,  and  pro- 
duces a greater  quantity  of  it  in  the  fame 
time,  which  prevents  its  being  abforbed  by  the 
cufhion.  And  farther,  when  the  machine  is 
fixed  to  a table,  the  pofition  of  the  lower 
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multiplying  v/heel  is  more  advantageous  than 
that  of  the  winch,  and  may  be  turned  with  the 
right  hand. 

As  the  two  machines,  which  are  reprefented 
in  fig.  i and  2,  plate  I.  are  nearly  fimilar,  the 
fame  letters  of  reference  are  ufed  in  defcribing 
them. 

Fig.  1 and  2.  ABC  reprefents  the  bottom 
board  of  the  machine. 

D,  E,  The  two  perpendicular  fupports,  which 
fuftain  or  carry  the  glafs  cylinder  F G H I. 

The  axis  of  the  cap  K palfes  through  the 
fupport  D ; on  the  extremity  of  this  axis  a fim- 
ple  winch  is  fitted,  as  in  fig.  1,  or  a pulley,  as 
in  fig.  2. 

The  axis  of  the  other  cap  runs  in  a fmall 
hole  which  is  fitted  into  the  top  of  the  fup- 
port E. 

O P Is  the  glafs  pillar  to  which  the  cufnion 
is  fixed,  T a brafs  fcrew  at  the  bottom  of  this 
pillar,  which  is  to  regulate  the  preffure  of  the 
cufhion  againft  the  cylinder.  This  adj  lifting 
fcrew  is  peculiarly  advantageous.  By  it  the  ope- 
rator is  enabled  to  leffen  or  increafe  gradually, 
the  preffure  of  the  cufhion,  which  it  effects 
in  a much  neater  manner  than  it  is  poflible 
to  do  when  the  inflating  pillar  is  fixed  on  a 
board, 
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g h i A piece  of  filk  that  comes  from  the 
under  edge  of  the  cufhion,  and  paffes  over  the 
cylinder,  but  between  it  and  the  cufhion,  pro- 
ceeding regularly  till  it  nearly  meets  the  collect- 
ing points  of  the  conductor. 

Near  the  top  of  the  gUifs  pillar  OP  is  an 
arm  of  wood,  to  fupport  a conductor  connect- 
ed with  the  cudiion,  which  is  called  a negative 
conductor.  In  both  figures  this  conductor  is 
fuppofed  to  be  fixed  clofe  to  the  cufliion,  and 
to  lie  parallel  to  the  glafs  cylinder.  In  fig.  1 
it  is  brought  forwards,  or  placed  too  near  the 
handle,  in  order  that  more  of  it  may  be  in  fight, 
as  at  R S ; in  fig.  2,  the  end  R S only  is  feen. 

Y Z Fig.  1 and  2,  reprefents  the  pofitive 
prime  conductor,  or  that  which  takes  the  elec- 
tric fluid  immediately  from  the  cylinder,  LM 
the  glafs  pillar  by  which  it  is  fupported  and 
infulated,  and  VX  a wooden  foot  or  bafe  for 
the  glafs  pillar.  In  fig.  1,  this  conductor  is 
placed  in  a direction  parallel  to  the  glafs  cylin- 
der ; in  fig,  2,  it  (lands  at  right  angles  to  the 
cylinder ; it  may  be  placed  in  either  pofition 
occafionally,  as  is  mod  convenient  to  the  ope- 
rator. It  is  mod  convenient  to  have  both  con- 
ductors fixed  on  feparate  dands,  unconnected 
with  the  machine,  that  their  pofition  may  be 
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more  eafily  accommodated  to  the  peculiar  cir- 
cumltances  of  different  experiments. 

t % * 

DIRECTIONS  FOR  KEEPING  THE  MACHINE  IN 

ORDER. 

Before  the  electrical  machine  is  put  in  mo- 
tion, examine  thofe  parts  which  are  liable  to 
wear  from  the  friction  of  one  furface  againft 
another ; or  to  be  injured  by  dirt,  that  may  in- 
finuate  itfelf  between  the  rubbing  furfaces : as 
the  axes  which  work  in  the  wooden  fupports 
D,  E,  and  the  axis  of  the  large  wheel  c d, 
fig.  2. 

If  any  grating  or  difagreeable  noife  is  heard, 
the  place  from  whence  it  proceeds  muff  be  dif- 
covered,  then  wiped  clean,  and  rubbed  over 
with  a fmall  quantity  of  tallow : a little  fweet 
oil  or  tallow  fhould  alfo  be  occafionally  applied 
to  the  axis  of  the  cylinder. 

Examine  the  ferews  that  belong  to  the  frame, 
and  if  they  are  loofe,  tighten  them. 

The  different  working  parts  of  the  machine 
having  been  thus  examined,  and  put  in  order, 
the  glafs  cylinder,  and  the  pillars  which  fupport 
the  cufhion  and  conductor,  fhould  then  be  care- 
fully wiped,  to  free  them  from  the  moifture 
which  glafs  attracts  from  the  air,  being  particu- 
larly 
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larly  attentive  to  leave  no  moifture  on  the  ends 
of  the  cylinder,  as  any  damp  on  thefe  carries 
off  the  eledtric  fluid. 

Glafs  pillars  have  been  fometimes  ufed  to  fup- 
port  the  cylinder,  but  they  can  be  of  no  ufe, 
unlefs  the  foregoing  circumftance  is  attended 
tp ; and  if  that  is  obferved  they  are  fuperflu- 
ous. 

Take  care  that  no  duft,  loofe  threads,  or  any 
filaments  adhere  to  the  cylinder,  its  frame,  the 
condu&ors,  or  their  infulating  pillars ; becaufe 
thefe  will  gradually  diflipate  the  eledtric  fluid, 
and  prevent  the  machine  from  adting  power- 
fully. 

Rub  the  glafs  cylinder  firfl:  with  a clean, 
coarfe,  dry,  warm  cloth,  or  a piece  of  wafli 
leather,  and  then  with  a piece  of  dry,  warm, 
foft  filk  ; do  the  fame  to  all  the  glafs  infulating 
pillars  of  the  machine  and  apparatus ; thefe 
pillars  muft  be  rubbed  more  lightly  than  the 
cylinder,  becaufe  they  are  varniftted. 

A heated  iron  is  fometimes  placed  on  the 
foot  of  the  conductor,  to  evaporate  the  moift- 
ure  which  would  injure  the  experiments. 
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OF  THE  CIRCUMSTANCES  NECESSARY  TO  EE 
ATTENDED  TO,  IN  ORDER  TO  EXCITE ‘‘A 
LARGE  QUANTITY  OF  ELECTRIC  FLUID. 

In  order  to  find  out  an  effectual  mode  of  ex- 
citing powerfully  an  eleCtrical  machine,  it  is 
neceflary  to  frame  an  idea  of  the  mechanifm  by 
which  the  cylinder  extracts  the  eleCtric  fluid 
from  the  cufhion,  and  thofe  bodies  which  are 
connected  with  it ; I have,  therefore,  fubjoined 
thofe  conjectures  on  which  I have  worked,  and 
by  which  I have  been  able  to  excite,  in  the  moll 
powerful  manner,  thofe  machines  which  have 
patTed  through  my  hands. 

It  appears  to  me,  that  the  refiltance  of  the 
air  is  leffened,  or  a kind  of  vacuum  is  produce 
ed,  where  the  cufhion  is  in  clofe  contact  with 
the  cylinder.  The  eleCtric  matter,  agree- 
able  to  the  law  obferved  by  all  other  elaftic 
fluids,  is  prefied  towards  that  part  where  it  finds 
leaft  refiftance ; the  fame  inftant,  therefore,  that 
the  cylinder  is  feparated  from  the  cufhion,  the 
fire  ififues  forth  in  abundance.  The  more  per- 
fect the  continuity  is  made,  and  the  quicker 
the  folution  of  it,  the  greater  is  the  quantity 
which  will  proceed  from  the  cufhion.  But,  as 
the  fluid  in  this  fituation  will  enter  with  avidity 

every 
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every  conducing  fubftance  that  is  near  it,  if 
any  amalgama  lies  above  that  part  of  the  ctu 
fhion  which  is  in  contadt  with  the  cylinder, 
it  will  abforb  and  carry  back  part  of  the  eledtric 
fire  to  the  refervoir  from  whence  it  was  extract- 
ed. 

If  thefe  conjedtures  be  true,  to  excite  an 
electrical  machine  effedtually,  we  mult, 

1 ft.  Find  out  thofe  parts  of  the  cufhion 
which  are  prefled  by  the  glafs  cylinder. 

cd.  Apply  the  amalgama  only  to  thofe 
parts. 

3d.  Make  the  line  of  contadt  between  the 
cylinder  and  cufhion  as  perfedt  as  pofhble. 

4th.  Prevent  the  fire  that  is  colledted  from 
efcaping. 

About  the  year  1772,  I applied  a loole  flap 
of  leather  to  the  front  of  the  cufhion  * the  amal- 
gama was  fpread  over  the  whole  of  the  flap ; 
the  cufhion  was  then  put  in  its  place,  and  the 
loofe  flap  of  leather  doubled  down,  or  rather 
turned  in,  more  or  lefs,  till  by  fucceflive  expe- 
riments the  fituation  was  difcovered  which  pro- 
duced the  greatefc  effedt ; for,  by  this  means, 
the  quantity  of  amalgama  adting  againfi:  the 
cylinder  was  lefiened,  and  the  true  line  of  con- 
tadt  in  fome  meafure  afcertained.  Hence  I was 
naturally  led  to  contradl  the  breadth  of  the  cu- 
fhion 
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fhion,  and  place  it  in  fuch  manner  that  it  might 
be  eafily  raifed  or  lowered. 

To  find  the  line  of  contact  formed  between 
the  cylinder  and  cufhion  ; place  a line  of  whit- 
ing which  has  been  previoufly  difiolved  in 
fpirits  of  wine,  on  the  cylinder,  on  turning  this 
round  the  whiting  is  depofited  on  the  cufhion, 
and  marks  the  places  which  bear  againfl  the 
cylinder.  The  amalgam  is  to  be  put  on  thole 
parts  only,  which  are  thus  marked  by  the  whit- 
ing : or,  this  line  may  be  afcertained,  by  ob- 
ferving  the  parts  of  the  cufhion  which  gather 
the  dull  from  the  cylinder,  and  laying  the  a- 
malgam  on  thofe  parts. 

The  line  of  contact  being  found  and  the 
amalgam  placed  on  it ; the  cylinder  is  to  be 
rubbed  with  a piece  of  leather  which  is  cover 
ed  with  amalgam ; this  renders  the  contact 
between  the  cylinder  and  cufhion  more  perfect, 
by  filling  the  fmaller  pores  of  the  glafs  with 
amalgam,  and  depofiting  the  fuperfluous  parti- 
cles on  the  cufhion  ; it  is  alfo  probable  that  the 
amalgama,  thus  depofited  on  the  furface  of  the 
glafs,  forms  a continued  feries  of  conducting 
particles,  which  carry  the  fire  to  the  prime  con- 
ductor, and,  under  certain  circumftances,  back 
again  to  the  cufhion.  When  the  cylinder  is 

rubber} 
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rubbed  with  the  amalgamated  leather,  that  part 
of  the  oil,  or  black  filk,  which  lies  above  the 
cufhion,  is  to  be  turned  back,  and  if,  by  acci- 
dent, any  particles  of  amalgama  flick  to  it, 
they  mull  be  wiped  off  carefully.  If  the  ma- 
chine has  not  been  ufed  for  fome  time,  it  will 
be  proper  to  place  it,  for  a few  minutes,  before 
a fire,  and  then  take  off  the  cufhion  and  dry  the 
filk. 

If  the  electricity  of  the  cylinder  grows  lefs 
powerful,  it  is  eafily  renewed  by  turning  back 
the  filk  which  lies  over  it,  and  then  rubbing 
the  cylinder  with  the  amalgamated  leather,  or 
by  occafionally  altering  the  preffure  of  the  ad- 
jufting  fcrew. 

A very  fmall  quantity  of  tallow  placed  over 
the  amalgama,  is  obferved  to  give  more  force 
to  the  electric  powers  of  the  cylinder;  the 
fame  end  is  anfwered  by  rubbing  the  cylin- 
der, with  a coarfe  cloth  that  has  been  ereaf- 
ed  a little,  and  afterwards  wiping  the  cylinder 
with  a clean  cloth. 

■ 

experiment  VII. 

• • . 

When  the  cylinder  is  put  into  good  action, 
a number  of  circular  lines  of  fire  will  iffue  from 
the  cufhion;  prefent  a row  of  metallic  points 

towards 
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towards  thefe,  and  they  will  difappear.  The 
conducting  fubftance  collects  the  eleCtric  fluid 
before  it  can  take  thofe  appearances,  or  be  dif- 
iipated  into  the  air. 

Hence  we  learn,  that  to  prevent  a lofs  of  the 
eleCtric  fluid  which  is  excited,  we  muft  pre- 
vent the  air  from  aCting  on  the  fluid,  which  is 
put  in  motion  by  the  excitation  ; for  the  air 
not  only  refills  the  emiflion  of  the  fluid,  but 
alfo  dilfipates  what  is  collected  by  means  of 
the  conducting  fubltances,  which  are  continu- 
ally floating  in  it. 

Thefe  ends  are  effectually  anfwered  by  letting 
a non-conduCting  fubftance,  as  a piece  of  black 
or  oiled  filk,  proceed  from  the  line  of  contaCt  to 
the  collecting  points  of  the  prime  conductor,  and 
placing  thefe  points  within  its  atmofphere.  The 
ftreams  of  fire  which  proceed  from  the  culhion 
over  the  cylinder,  Ihew  whether  the  culhion 
bears  uniformly,  againft  the  cylinder;  for  they 
are  molt  copious  and  denfe  at  thofe  parts  where 
the  prelfure  is  greateft,  but  are  uniformly  denfe, 
when  the  prelfure  is  equable. 

When  the  zinc  amalgam  is  ufed,  the  filk  will 
fometimes  adhere  fo  ftrongly  to  the  cylinder  as 
to  render  it  very  difficult  to  turn ; to  obviate  this, 
wipe  the  filk  perfectly  clean,  and  then  rub  it  over 

with 
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with  a very  fmall  quantity  of  aurum  mufivum 
or  a little  whiting. 

The  operator  ought  not  to  think  his  machine 
in  good  order  till  it  pours  forth  the  fire  in 
great  abundance,  and  ftrong  denfe  fparks 
are  obtained  in  quick  fucceffion  from  the  con- 
ductor. When  the  conductor  is  removed,  the 
fire  fhould  fparkle  round  the  cylinder,  and 
throw  out  many  beautiful  brufhes  of  light. 

Two  kinds  of  amalgama  are  much  in  requeft 
at  prefent.  One  is  made  of  quickfilver  five 
parts,  zink  one  part,  melted  together  with  a 
fmall  quantity  of  bees-wax  : the  other  is  the 
aurum  mufivum  of  the  fhops.  I find  it  diffi- 
cult, after  many  trials,  to  fay  which  of  thefe 
act  the  beft.  To  make  the  amalgam  adhere 
clofely  to  filk,  it  is  neceffary  to  greafe  this,  then 
wipe  off  as  much  of  the  greafe  as  you  can,  and 
afterwards  fpread  the  amalgam. 

The  following  experiment  feems  to  illuftrate 
and  confirm  the  foregoing  conjectures  on  the 
mechanifn  by  which  the  fluid  is  extracted 
from  the  cufhion,  and  the  bodies  connected 
with  it. 
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EXPERIMENT  VIII. 

Break  a flick  of  fealing-wax  in  two  pieces ; 
thofe  extremities  that  were  contiguous  will  be 
found  electrified  with  contrary  powers ; one  will 
be  pofitively,  the  other  negatively,  electrified. 

Every  electrical  machine  ought  to  be  fur- 
nifhed  with  an  infulated  cufhion  and  two  prime 
conductors,  one  for  pofitive,  the  other  for  ne- 
gative electricity j as  by  thefe,  either  electri- 
city is  produced  at  pleafure,  a greater  number  of 
experiments  may  be  performed,  and  the  proper- 
ties of  the  electric  fluid  more  eaflly  explained. 

EXPERIMENT  IX. 

Put  the  machine  in  action,  connect  the  cu- 
fhion by  a chain  with  the  ground,  and  thofe 
bodies  which  communicate  with  the  pofitive 
conductor  will  be  electrified  pofitively.  Con- 
nect the  pofitive  conductor  with  the  earth  by  a 
chain,  take  off  the  chain  from  the  cufhion, 
and  thofe  bodies  which  communicate  with  the 
negative  conductor  will  be  electrified  nega- 
tively. 

EXPERIMENT  X. 


Connect  the  pofitive  conductor  by  a chain 
with  the  table  5 turn  the  cylinder,  and  the 

cufhion 
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cuihion  will  be  found  to  be  negatively  electri- 
fied. Take  the  chain  off  from  the  pofitive 
conductor,  and  both  will  exhibit  figns  of  elec- 
tricity ; but  any  electrified  body  which  is  at- 
tracted by  the  one,  will  be  repelled  by.  the 
other.  If  they  are  brought  fufficiently  near  to 
each  other,  fparks  will  pafs-  between,  them,  and 
they  will  act  on  each  other  ftronger  than  on  any 
other  bodies.  If  they  • are  connected  together, 

the  electricity  of  the  one  will  deftroy.  that  pf 
the  other ; for  though  it  feems  to  proceed 
•from  the  cufhion  to  the  conductor,  the.  two, 
when  thus  conjoined,  will  exhibit  no  figns  of 
electricity,  becaufethe  fire  is  continually  - circu- 
lating, from  one  to  the  other,  and  is  (kept 
always  in  the  fame  ftate. 

-We  fee,  by  this  experiment,  that  electric 
appearances  are  produced  both  in ,, the,  electric 
'which  is,excited,  and  the  fubftance  hy  which  it  is 
excited,  provided  that  fubftance  be  infulated; 

. but  their  electric  powers  are  directly  reverfe  of 
‘each  other,  and  may  be  diftinguilhed  by  op- 
-pofite  effects. 

EXPERIMENT  XI. 

If  the  cuihion  and  the  conductor  are  both 
infulated,  it  is  obferved,  that  the  lefs  electric 

D fluid 
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fluid  is  obtained,  the  more  perfect  the  infulation 
is  made. 

The  moifture  which  is  at  all  times  floating 
in  the  air,  together  with  the  fmall  points,  from 
which  it  is  impofhble  totally  to  free  the  cufhion, 
do  not  permit  it  to  be  perfectly  infulated,  fo  as 
to  afford  no  fupply  of  eleCtric  matter  to  the 
cufhion. 

If  the  air,  and  other  parts  of  the  apparatus, 
are  very  dry,  little  or  no  electricity  will  be  pro- 
duced in  the  above-mentioned  circumftances. 

From  this  experiment  it  is  inferred,  that  the 
eleCtric  powers  do  not  exift  in  the  eleCtrics 
themfelves,  but  are  produced  from  the  earth  by 
the  excitation  of  eleCtrics;  or  that  the  eleCtric 
matter  on  the  prime  conductor  is  not  produced 
by  the  friction  of  the  cylinder  againft  the 

cufhion,  but  is  collected  by  that  operation  from 

- * 

it,  and  from  thofe  bodies  which  are  connected 
with  it. 

As  Dr.  Franklin  feems  to  have  fuggefted  this 
idea  firft,  that  the  eleCtric  fluid  is'  collected 
from  the  earth,  I have  fubjoined  his  own  ac- 
count of  the  experiment  which  led  him  to  this 
conclufion.  * '* 
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EXPERIMENT  XII* 

Let  one  perfon  (land  on  wax  and  rub  a glafs 
tube,  and  let  another  perfon  on  wax  take  the 
fire  from  the  firft,  they  will  both  of  them  (pro- 
vided they  do  not  Hand  fo  near  as  to  touch 
each  other)  appear  to  be  ele6trified  to  a perfon 
Handing  on  the  floor ; that  is,  he  will  perceive 
a fpark  on  approaching  either  of  them  with  his 
knuckle* 

i.  But  if  the  perfons  on  wax  touch  one  an- 
other during  the  excitation  of  the  tube,  neither 
of  them  will  appear  to  be  eledtrified. 

3.  If  they  touch  one  another  after  the  exciting 
the  tube,  and  draw  the  fire  as  aforefaid,  there  will 
be  a ftronger  fpark  between  them  than  was  be- 
tween either  of  them,  and  the  perfon  on  the 
floor. 

4.  After  fuch  a ftrong  fpark  neither  of  them 
difcover  any  electricity. 

Thefe  appearances  he  accounts  for  thus  : he 
fuppofes  the  electric  fire  is  a common  element, 
of  which  each  of  the  three  perfons  has  his 
equal  fhare  before  any  operation  is  begun  with 
the  tube. 

A,  who  Hands  upon  wax  and  rubs  the  tube, 
collects  the  ele&Hcal  fire  from  himfelf  into  the 

r * 

glafs,  and  his  communication  With  the  common 
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{lock  being  cut  off  by  the  wax,  his  body  is  not 
again  immediately  fupplied. 

B,  who  alfo  flands  upon  wax,  parting  his 
knuckle  along  the  tube,  receives  the  fire  which 

* L/\  , 

was  collected  from  A,  and  being  infulated  he 
retains  this  additional  quantity. 

To  C both  appear  electrified  ; for  he,  having 
only  the  middle  quantity  of  eleCtrical  fire, 

t ■*  * * •*  ■ * *-**'•  /.  i « 

receives  a fpark  on  approaching  B,  who  has  an 

* . Jt.  i * . k -..4 

over  quantity,  but  gives  one  to  A,  who  has  an 
under  quantity. 

T ■ C * - - * x ^ 4.  «w-  q-  • . . . . # < v. 

If  A and  B approach  to  touch  each  other,  the 
fpark  is  ftronger,  becaufe  the  difference  between 

*4  • . . < •*.  i • * • * V V *.  X.  • 

them  is  greater.  After  this  touch  there  is  no  fpark 
between  either  of  them  and  C,  becaufe  the 


electrical  fluid  in  all  is  reduced  to  the  original 
equality^  If  they  touch  while  electrifying  the 
equality  is  never  deftroyed,  the  fire  is  only 
circulating : hence  we  fay,  that  B is  electrified 
pofltively,  A negatively. 

As  thofe  experiments  have  been  defcribed, 
which  are  the  foundation  of  our  prefent  know- 
ledge  in  eleCtricity,  I hope  it  will  not  be 
deemed  improper  to  introduce  in  this  place 
thofe  hyphothefes  which  have  been  built  on 
them. 

1 ! : . . . . 

Dr.  Franklin’s  hypothefis  depends  on,  and 

may  be  reduced  to,  the  following  principles. 

i.  That 
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i.  That  the  atmofphere  and  all  terreftrial  fub- 
ftances  are  full  of  eleCtric  matter, 

i.  That  the  operations  of  eleCtricity  depend 
on  one  fluid  sui  generis,  extremely  fubtil-and 

• I ' * 

elaftic. 

3.  Glafs  and  other  eleCtric  fubftances  though 

f t , 1 * 

they  contain  a great  deal  of  eleCtric  matter, 

\ % T f 

are  impermeable  to  it. 

4.  That  the  eleCtric  matter  violently  repels 

t r 

itfelf  and  attracts  all  other  matter. 

• r * * 

5.  That  conducing  fubftances  are  permeable  to 

• • f * ? 

the  eleCtric  matter  through  their  whole  lubftance, 
and  do  not  conduCt  merely  over  their  fur- 
face. 

6.  Pofitive  eleCtrcity  is  when  a body  has 

) I * 1 j.  ? •• 

more  than  its  natural  fhare  of  the  eleCtric 

♦ i 

fluid,  and  negative  electricity  when  it  has  lefs 
than  its  natural  fhare. 

The  following  hypothefis  is  extracted  from 
the  analyfis  of  a courfe  of  leCtures  by  Mr. 
Atwood,  to  which,  and  Mr.  Eeles's  philofophi- 
cal  eflays,  I muft  refer  the  reader  for  a fuller 
account  of  it ; in  the  courfe  of  this  eflay  many 
obfervations  will  occur,  which  tend  tp  con- 
firm this,  and  refute  the  foregoing  hypothefis. 
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HYPOTHESIS. 

1.  That  two  eleCtric  powers  exift  together 
in  all  bodies. 

2.  Since  they  counteract  each  other  when 
united,  they  can  be  made  evident  to  the  fenfes 
only  by  their  reparation. 

3.  The  two  powers  are  feparated  in  non- 
eleCtrics  by  the  excitation  tpf  eleCtrics,  -or  by 
the  application  of  excited  eleCtrics. 

4.  The  powers  cannot  be  feparated  in  eleCtric 
fubftances, 

v • * 

5.  The  two  electricities  attraCt  each  other 
ftrongly  through  the  fubftance  of  eleCtrics. 

6.  EleCtric  fubftances  are  impervious  to  the 
two  electricities. 

1 

7.  Either  power,  when  applied  to  an  une- 
leCtrified  body,  repels  the  power  of  the  fame 
fort,  and  attracts  the  contrary  power. 

A DESCRIPTION  OF  SOME  PARTS  OF  THE  ELEC- 
TRIC APPARATUS  WHICH  COULD  NOT  BE  RE- 
GULARLY INTRODUCED  IN  THE  BODY  OF 

THE  WORK. 

Fig.  1.  Plate  II.  reprefents  a common  dis- 
charging rod  it  is  generally  made  of  brafs 
wire,  with  a ball  at  each  of  its  ends.  To  dif- 

charge 
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charge  a Leyden  bottle  with  it,  hold  the  femi- 
circular  part  in  the  hand,  place  one  ball  of 
the  difcharging  rod  on  the  coating  of  the  phial, 
then  bring  the  other  to  touch  the  knob  of  the 
wire  which  communicates  with  the  infide  when 
an  explofion  will  enfue,  and  the  phial  will  be 
difcharged. 

Fig.  2.  Plate  II.  is  a joined  difcharging  rod 
with  a glafs  handle,  the  legs  of  which  may  be 
moved  and  fet  to  any  given  diftance  from  each 
other  by  means  of  the  joint  C;  the  extremities 
of  the  legs  are  pointed,  the  points  enter  into 
the  balls  a,  b,  which  fcrew  on  the  legs,  and 
from  which  they  may  be  unicrewed  at  plea- 
fure ; fo  that  either  the  balls  or  the  points  may 
be  ufed  as  occafion  requires. 

Fig.  3.  PI  ate  II.  reprefents  the  univerfal 
difcharger ; an  inftrument  which  is  of  very  ex  - 
tenfive  ufe  in  forming  communications  to  di- 
rect or  convey  the  eledtric  ftiock  through  any 
part  of  a given  fubftance,  Many  examples  of 
the  utility  of  this  inftrument  will  occur  in  the 
co.urfe  of  this  efiay.  When  the  uniyerlal  dis- 
charger is  mad^  on  a large  fcale,  it  is  a con- 
venient apparatus  to  enable  a perfon  to  clcdfrify 
himfelf ; fee  fig.  87. 

AB.  fig.  3.  is  the  bafe  of  the  univerfal  dif- 
charger, on  this  are  fixed  two  perpendicular 

D 4 glafs 
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glafs  pillars  G,  D ; on  the  top  of  each  of  thefe  is 
cemented  a brafs  cap,  to  which  is  fixed  a dom 
ble  joint  or  one  which  has  both  a vertical  and 
horizontal  motion,  on  the  top  of  each  joint  is  a 
fpring  tube  which  receives  the  wires,  ET,  EF  j 
thefe  wires  may  be  fet-  at  various  diftances 
from  each  other,  and  turned  in  any  djre&ion  5 
the  extremities  of  the  wires  are  pointed,  the 
points  are  covered  occafionally  by  the  brafs 
balls,  which  are  made  to  fit  on  the  wires  by 
fpring  fockets:  GH  is  a fmall  wooden  table, 

on  the  furface  of  which  a flip  of  ivory  is  inlaid  : 
this  table  is  furnifhed  with  a cylindrical  ftem3 
which  fits  into  a cavity  of  the  pillar  I ; it  may 
be  raifed  occafionally  to  various  heights,  and 
fixed  at  any  one  of  them  by  the  fcrew-K. 

Fig.  4.  Plate  II.  is  a little  wooden  prefs,  fur- 
nifhed with  a ftem,  which  fits  the  cavity  in  the 
pillar  I,  fig,  3,  into  which  it  is  to  be  placed 
occafionally,  when  the  table  G H is  removed. 
The  prefs  confifts  of  two  boards,  which  are 
brought  clofe  to  each  other  by  means  of  the 
fcrews  a a. 

Fig.  5.  Plate  II.  is  Mr.  Kinnerfley’s  ele&ri- 
cal  air  thermometer;  ab  is  a glais  tube,  on 
each  end  of  which  a brafs  cup  is  cemented ; c d 
is  a fmall  glafs  tube,  open  at  both  ends,  which 
partes  through  the  upper,  and  defcends  nearly 

to 
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te'the*  under  plate;  a box  Tcake*  which  is-di- 
yided  into  'inches  and  tenths  of  inches,  is  fitted 
to  the  upper  part  of  this  tubey  g is  abrafs 
wire  with  a ball  on  it,  which  is  fcrewed  to  the 
under  plate,  a fimilar  wire  f h is  made  tq  pafs 
through  a collar  of-  leathers  on  the  upper  plate 
and  may  be  placed  at  any  convenient  diftance 
from  the  lower  wire. 

Electricians  have  long  wiffiecl  for  an  inftru*- 
ment  which  would  after  tain,  in  an.  exaCt  and 
invariable  manner,  the  degree  of  electricity 
excited  when  any  experiment  is  made.  For  this 
purpofe  a great  many  contrivances  have  been 
propofed  and  executed,  which,  upon  trial,  are 
all  found  to  be  veg£  defective. 

An  electrometer  ought  to  have  the  following 
properties. 

1.  It  fhould  be  fimple  in  its  conftru^ion, 
and  not  compofed  of  many  parts, 

2.  It  fhould  not.  be  affeCted  by  the  variations 
of  the  atmofphere, 

3.  It  fhould  indicate  fmall  as  well  as  large 
degrees  of  eleCtricity. 

4.  Not  to  be  adjufted  tq  any  fixed  mea- 
fure. 

5.  The  eleCtric  power  fhould  be  expreffed 
by  a fixed  and  invariable  force,  as  that  of  gra- 
vity. 


6.  That 
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6.  That  the  obfeiver  be  enabled  to  read  off 
the  divifions  at  a di dance,  which  will  prevent 
his  weakening  the  influence  of  the  eleCtric 
powers. 

Plate  IJ.  Fig.  6,  reprefents  the  quadrant 
electrometer  the  moft  ufeful  inftrument  of  the 
kind  yet  difcovered,  as  well  for  meafuring 
the  degree  of  eleCtricity  of  any  body,  as  to  af- 
certain  the  quantity  of  a charge  before  an  ex- 
plofion ; and  to  difcover  the  exaCt  time  the 
eleCtricity  of  a jar  changes,  when  without 
making  an  explofion,  it  is  difcharged  by  giving 
it  a quantity  of  the  contrary  eleCtricity.  The 
pillar  L M is  generally  made  of  wood,  the 
graduated  arch  N O P of  ^vory,  the  rod  R S 
is  made  of  very  light  wood,  with  a pith  ball 
&t  the  extremity;  it  turns  upon  the  centre  of 
the  femicircle,  fo  as  always  to  keep  near  its 
furface ; the  extremity  of  the  ftem  L M may 
either  be  fitted  to  the  conductor  or  the  knob  of 
a jar.  When  the  apparatus  is  electrified,  the 
rod  is  repelled  by  the  ftem,  and  moves  along 
the  graduated  arch  of  the  femicircle,  fo  as  ta 
mark  the  degree  to  which  the  conductor  is  elec- 
trified, or  the  height  to  which  the  charge  of  die 
jar  is  advanced. 

Beccaria  recommends* fixing,  the  index  be-t 
tween  two  femicircJes,  becaufe  when  it-  is 

placed 
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placed  over  one  only,  the  electricity  of  this  re- 
pels and  counteracts  the  motion  of  the  index. 
Other  improvements  and  variations  have  been 
made  in  this  inflrument,  which  will  be  de- 
feribed  hereafter. 

Plate  II.  Fig.  9,  is  an  electrometer  which  was 
contrived  many  years  fince  by  Mr.  Townfend, 
to  afeertain  the  real  force  of  the  electric  explo- 
fion.  a b is  a fmall  ivory  plate,  c a loofe  cone 
of  ivory  to  be  placed  on  the  plate  a b,  e f g,  a 
circle  which  turns  freely  on  two  centres,  an  arm, , 
d,  of  wood  proceeds  from  this  circle  and  lyes 
on  the  cone  of  ivory.  The  difeharge  is  made 
to  pafs  under  the  cone  which  throws  up  the  arm 
d,  the  elevation  of  which  is  marked  by  the  index 
h } a piece  of  filk  firing  is  fixed  at  one  end  to 
the  bottom  board  at  i,  and  pafles  over  the  wheel, 
a weight  k is  tied  to  the  other  end  to  regulate  the 
fridlion  of  the  circle  e f g. 

Fig.  8 is  an  infulating  flool ; the  feet  are  of 
glafs.  When  it  is  ufed,  the  infulation  will  be 
rendered  more  perfect  by  placing  a fheet  of  pa- 
per well  dried  under  the  feet  of  the  flool. 
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THE  PROPERTIES  OF  ELECTRIC  ATTRACTION 

• -*  > r » ' •'  -V  ‘ • . . • r - . . . * - 

AND  REPULSION,  ILLUSTRATED  BY  EXPERIt 

MENTS  on  light  bodies. 

• * ^ i ‘ , . r . ' 


NATURAL  philofophers  were  originally 
incited  to  confider  the  nature  of  eledhi-r 
city  from  its  ftrong  attradlive  and  repulfive 
powers.  The  phcenomena  exhibited  by  thofe 
myfterious.  properties  are  fo  various  and  fo 
pleafing,  that  they  were  led,  as  by  enchant- 
ment,  to  purfue  the  fubjedt ; and  have  been 
richly  rewarded  by  the  difcoveries,  which  are 
both  interefting  and  important. 

The  powers  of  genius  have  been  exerted 
with  induftrious  ardour  to  inveftigate  the  caufes 
of  thofe  properties ; but  they  are  ftill  involved 
in  deep  obfcurity,  and  we  are  ftill  totally  igno- 
rant of  that  mechanifm  by  which  light  bodies, 
when  eledbrified,  approach  or  recede  from  each 
other. 

To  enter  into  a difcuffion  of  the  difficulties  * 
which  perplex  this  fubjedt,  would  lead  me  too 

far 
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*.  Qui  pourroit  concevoir  qu’un  corps  agit  ou  il  n'efl 
pas ; fans  aucun  intcrrhedc  ? Deux  particules  de  matiere 
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far  from  the  defign  of  this  eBay;  I fhali,  there- 
fore, proceed  to  Hate  thofe  general  properties, 
or  modes  of  adtion  which  are  obferved  in  elec- 
tric attradtion  and  repulfion,  and  then  defer ibe 
the  experiments  from  which  thofe  properties 
have  been  deduced,  or  by  which  they  are  illuf- 
trated. 

CENERAL  PROPERTIES  OF  ELECTRICAL  AT- 
TRACTION AND  REPULSION. 

1.  The  eledtric  fluid,  when  in  adtion,  dif- 
pofes  or  places  light  bodies  in  fuch  manner  as 
will  beft  facilitate  its  tranfmiffion  through  them, 
with  the  greateft  velocity  ; and  this  in  propor- 
tion to  the  gravity  of  the  body,  its  conducting 
power,  and  the  ftate  of  the  air. 

2.  Bodies  that  are  eledtrified  pofitively  repel 
each  other. 

j.  Bodies  eledtrified  negatively  repel  each  other. 

4.  Bodies  eledtrified  by  contrary  powers  at- 
tradt  each  other  ftrongly, 

5.  Bodies  that  are  eledtrified,  attradt  thofe 
fubftances  which  are  not  eledtrified. 

( ! ; 

“ font  a cent  milles  lieues,  ou  a cent  milliemes'  parties 
d*un  ligne  de  diflance  l’un  de  l’autre,  fans  aucune  corn- 
“ tn unication  materiellc  entrelles,  et  a l’ocafion  de  l’une 
1 autre  fe  mouvroit  ! ! ” De  Luc.  Lettres4  Phvfi* 

J 

ques,  &c. 
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6.  Thofe  fubftances  that  are  brought  within 
the  influence  of  electrified  bodies,  become  pof- 
fefied  of  a contrary  eleCtricity;  or  eleCtrified 
fubftances,  without  parting  with  their  own 
eleCtricity,  aCt  upon  other  bodies  in  their  neigh- 
bourhood, producing  in  them  an  eleCtricity 
which  is  contrary  to  their  own,  or  bodies  which 
are  immerged  in  an  eleCtric  atmofphere  always 
become  polfe  fifed  of  an  eleCtricity  contrary  to 
that  of  the  body  in  whofe  atmofphere  they 
are  immerged. 

The  experiments  defcribed  in  this  chapter 
are  Ample,  eafily  preformed,  and  certain 
in  their  refults;  and,  though  they  may  at  firft 
fight  appear  to  be  trifling,  yet,  on  an  attentive 
examination,  they  will  be  found  of  confiderable 
importance,  as  they  afford  a clue  to  inveftigate 
and  explain  a variety  of  eleCtric  phenomena, 
and  exhibit,  in  a ftrong  point  of  view,  fome  of 
the  contrary  effeCts  of  negative  and  pofitive 
eleCtricity. 

Thefe  experiments  may  all  be  made  with  a 
fmall  and  portable  apparatus  j confifting  gene- 
rally of  two  brafs  tubes,  as  A and  B,  fig.  22. 
each  of  thefe  is  fupported  on  a glafs  pillar  G, 
which  fcrews  into  a wooden  foot  H,  a pair  of 
fmall  pith  balls  fufpended  on  linen  threads,  as 
I,  K,  fit  upon  each  tube  by  means  of  a fmall 

brafs 
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brafs  ring ; thefe  tubes,  with  a piece  of  fealing 
wax  or  a glafs  tube,  are  fufficient  to  illuflrate 
the  greater  part  of  the  experiments  in  this 
chapter,  as  well  as  fome  of  the  principal  phoe- 
nomena  in  electricity. 

The  apparatus  will  be  rendered  more  com- 
plete, when  it  confifts  of  four  brafs  tubes  with 
their  (lands. 

Mr.  Wilfon,  in  a mafterly  traCl  on  this  fub- 
jeCt,  entitled,  “ A fhort  View  of  EleCtricity,” 
hits,  with  a fimilar  apparatus,  explained  and 
illuflrated  all  its  general  principles. 

EXPERIMENT  XIII. 

• • * * ' ' \ t 

Touch  a pair  of  infulated  pith  balls  with  an 
excited  glafs  tube,  they  will  become  electrified, 
and  will  feparate  from  each  other ; the  balls 
are  electrified  pofitively,  and  are  therefore  at- 
tracted by  excited  wax,  and  repelled,  by  ex- 
cited °;lafs.  r.  • ■ „ 

° _ i,  j K - 

As  thofe  light  fubftances,  which  poiTefs 
the  fame  eleClric  power,  repel  each  o- 
ther ; we  can  eafily  difeover  whether  they  are 
electrified  pofitively  or  negatively,  by  prefent- 
,.ing  an  excited  Hick  of  fealing  wax  or  .glafs  to 
them.  If  they  are  attracted  by  the;  glafs  they 
. .are  negatively,  if  repelled  by  it  they  are  pofi- 
tively 
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tivoly  eledtrified  j-^-on  the'contraty,  if  tepelled 
by- the  excited  wax,  they  are  negative,  if  at- 
cradbed,  pafitive. 

In  afcertaining  the  nature  of  the  eledtric 
powers,  we  muft  avoid  bringing  the  bodies  to 
be  tried  near  each  other  fuddenlyj  or  one  with 
a ftrong  eledtricity  near  another  which  is  weakly 
fo  ; as  it  may  render  the  experiment  doubt- 
ful by  attracting  and  not  repelling  the  light 
body. 


E X P E R I ‘ M £ N * T 'XIV. 

Hold  an  excited  glafs  tube*over  one  of  the 
brafs  tubes,  but  at  fome  diftance  from  it,  part 
of  the  natural  quantity  of  electricity  contained 
in  the  brafs  tube  will  be  driven  into  the  pith 
balls  that  are  annexed  to  it,  by  the  excited  glafs, 
the  balls  will  diverge  with  pofitive  electricity; 
' remove  the  excited  glafs,  the  balls  will  then 
return  to  their  natural  ftate  and  clofe. 

If  the  excited  glafs  continues  in  its  place 
the  balls  will  continue  to  be  repelled  ; for  the 
excited  electric  will  always  continue  to  feparate 
' the  powers  of  electricity,  or  in  other  words 
’ to  force1  a quantity  from  the  furface  of  the 
' tube;  and  will  alfo  prevent  its  return,  fo  long 
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as  it  continues  of  the  fame  force,  and  adls  at  the 
fame  di  dance. 

The  nearer  the  excited  eledtric  is  brought 
the  greater  is  the  effect* 

The  fphere  of  adtion  of  an  excited  eledtric 
has  been  diftinguifhed  into  two  parts,  one  termed 
the  sphere  of  influence,  in  which  the  balls 
will  feparate,  but  clofe  when  the  eledtric  is  re- 
moved; the  other  is  called  the  sphere  of 
Communication,  in  this  the  force  acquired 
by  the  balls  remains  after  the  excited  eledtric 
is  removed* 

experiment  xv. 

SEledtrify  the  pith  balls  that  are  fufpended 
from  the  brafs  tube*  A,  fig.  27,  then  bring  the 
end  of  this  tube  in  contadt  with  the  end  of  the 
tube  B,  the  balls  of  which  are  un-eledtrified ; 
the  flock  of  eledlricity  given  to  the  tube  A will 
be  equally  divided  between  each  pair  of  balls, 
thofe  of  the  tube  B will  open,  and  thofe  of  A 
will  clofe  a little. 

experiment  xvi. 

Eledlrify  the  tubes  A and  B,  fig.  27,  equally 
■and  with  the  fame  power,  put  the  ends  of  the 
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tubes  together,  and  the  divergence  of  the  balls 
will  not  be  altered. 


EXPERIMENT  XVII. 

EleCtrify  the  tubes  equally,  but  with  the  dif- 
ferent powers,  one  with  glafs,  the  other  with 
wax,  bring  the  ends  of  the  tubes  in  contaCt,  and 
the  balls  will  clofe. 

We  learn  from  thefe  experiments,  that  the 
pofitive  and  negative  powers  counteract  each 
other ; whence,  if  both  are  applied  at  the  fame 
time  to  any  body,  the  electricity  it  acquires  will 
be  only  the  difference  of  the  two,  and  confequent- 
ly  that  of  the  ftrongeft. 

EXPERIMENT  XVIII. 

Hold  an  excited  glafs  tube  to  one  of  the  brafs 
tubes,  touching  this  tube  at  the  fame  time  with 
your  finger,  part  of  the  natural  quantity  of  the 
eledtrical  fluid  refident  in  it  will  be  forced  by 
the  excited  glafs  tube  into  the  finger,  remove 
at  the  fame  inftant  the  finger  and  glafs,  and  the 
balls  will  remain  negatively  electrified. 
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experiment  XIX. 

Place  the  brafs  tubes,  A and  B.  fig.  22,  in 
a ftrait  line  with  their  ends  in  contad,  hold  the 
excited  glafs  over  the  tube  A,  part  of  the  elec- 
tric fluid  naturally  refident  in  this  will  be  driven 
into  B ; feparate  the  tubes,  the  balls  of  A will  be 
negative,  and  thole  of  B will  be  in  a pofitive 
{late.  Bring  them  together  again,  and  the  balls 
will  clofe. 

The  tube  A was  in  the  foregoing  experiment 
eledrified  with  the  negative  power,  B with  the 
pofitive ; but  when  they  were  brought  together 
the  equilibrium  was  reftored  ; evincing  that  no 
addition  of  eledric  matter  was  communicated 
to  them ; but  that  the  natural  powers  of  elec- 
tricity refident  in  the  tubes,  were  feparated  by 
the  atmofphere  of  the  excited  eledric  ; and 
proving  the  co-existence  of  the  two  powers  in 
every  fubftance.  For  the  eledric  fluid,  accord- 
ing to  Mr.  Eeles,  confifls  of  two  elaftic  me- 
diums, which  equally  and  ftrongly  attrad  each 
other,  and  are  attraded  by  all  other  matter. 
Therefore  when  anybody  is  immerged  in  an  elec- 
tric atmofphere,  this  atmofphere  repels  the  pow- 
er which  is  of  the  fame  kind  in  the  body,  and 
equally  attrads  that  which  is  of  a different  kind 
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in  the  fame  body,  and  while  thefe  bodies  remain 
immerged  in  this  atmofphere,  the  powers  remain 
feparated,  different  atmofpheres  exifting  and  act- 
ing at  each  end.  But  when  the  eleCtric  is  re- 
moved the  two  powers  inftantly  join  and  becom- 
ing equal  do  not  exert  any  fenfible  aCtion. 

EXPERIMENT  XX. 

infulate  a long  metallic  rod,  fufpend  a pair 
of  pith  balls  from  each  end  of  it,  place  one  of 
the  ends  at  about  two  inches  from  the  prime 
conductor,  the  other  end  as  far  from  it  as  pofli- 
ble,  eleCtrify  the  conductor,  and  the  eledtric 
fluid  in  the  rod  will  be  driven  to  that  end  which 
is  furtheft  from  the  conductor;  fo  that  one  end 
will  be  electrified  negatively,  the  other  end  po- 
fitively,  as  will  be  feen  by  the  balls. 

experiment  xxi. 

Apply  a flick  of  excited  wax  to  the  tube  D, 
fig.  23,  as  at  A,  while  it  remains  there  the  balls 
I open  with  negative  electricity  ; raife  the  wax, 
as  at  B,  and  the  balls  will  clofe ; raife  it  ftill 
higher  to  C,  and  they  will  open  with  pofitive 
deCtricity. 
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EXPERIMENT  XXII. 

Excited  glafs  held  over  the  middle  of  the 
tube  A,  fig.  24,  forces  fome  part  of  the  natural 
quantity  of  electricity  of  A into  the  balls,  and 
fome  part  out  at  the  two  ends  into  the  air. 
During  this  experiment,  the  balls  of  A are  re- 
pelled by  glafs,  and  are  therefore  in  a pofitive 
ftate ; but,  after  the  excited  glafs  is  removed, 
they  in  a very  little  time  change  to  a negative 
ftate,  becaufe  part  of  the  natural  quantity  had 
efcaped  from  the  pointed  ends  into  the  air, 
while  the  glafs  was  held  over  the  tube ; but, 
when  the  glafs  is  removed,  the  over-charge  in 
the  balls  will  of  courfe  return,  and  diffufe  itfelf 
equally  in  the  tube,  but  as  this  is  not  fufficient 
to  balance  the  lol's  fuflained,  the  tube,  thread, 
and  balls  muft  be  in  a negative  ftate 

EXPERIMENT  XXIII. 

Place  three  tubes,  A,  B,  C,  fig.  25,  in  a 
line  near  to,  or  in  contaCt  with,  each  other; 
excited  glafs  held  over  A forces  out  part  of  the 
natural  quantity  of  fluid  contained  in  A into 

B and  C ; feparate  A from  B and  C A will  be 
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ele&rified  negatively,  B and  C will  be  in  a pofi- 
tive  ftate.  Put  the  three  tubes  into  their  former 
fituation,  the  equilibrium  will  be  reftored,  and 
the  balls  will  collapfe 

EXPERIMENT  XXIV. 

Place  four  tubes,  as  A,  B,  C,  D,  fig.  26, 
in  contact  with  each  other ; excited  glafs  held 
over  A forces  part  of  the  fluid  contained  in  it 
into  B,  the  quantity  received  in  B will  force 
out  a certain  portion  from  C into  D ; the  mo- 
ment before  the  excited  glafs  is  removed  from 
A,  feparate  B and  D from  A and  C,  after 
which  it  will  be  found,  that  A and  C are  in  a 
negative,  and  B and  D in  a pofitive  ftate  *. 

EXPERIMENT  XXV. 

Excited  glafs  held  at  about  one  inch  diftancc 
from  the  end  B,  of  a folid  cylinder  of  glafs  B,  D, 
fig.  28.  Plate  III.  which  is  fix  feet  long,  and 
about  half  an  inch  diameter,  will  force  part  of 
the  fluid  at  the  end  B towards  the  remote  end 
D;  but,  in  doing  this,  the  natural  quantity 
belonging  to  the  glafs  will  undergo  feveral  al- 
terations, which  are  difcovered  by  the  effedt  an 

excited 
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excited  glafs  tube  has  on  a number  of  pith  balls, 
which  are  fufpended  at  equal  diftances  from 
each  other  between  B and  D ; in  a little  fpace 
of  time  the  electricity  of  thefe  is  changed,  thofe 
that  were  pofitive  will  become  negative,  and 
thofe  that  were  negative  will  become  pofitive. 

If  the  excited  glafs  is  held  in  contaCt  with 
the  end  B,  the  additional  quantity  received  at 
B will,  in  going  towards  D,  caule  feveral  al~ 
terations  in  the  denfity  of  the  fluid  in  B D,  but 
thefe  alterations  will  be  converfe  to  the  former, 
and  after  a little  time  will  alfo  be  reverfed.  - 
It  may  be  inferred  from  thefe  experiments, 
that  whenever  the  ele&ric  fluid  in  any  body  be^ 
comes  fuddenly  more  denfe  in  any  one  part, 
the  fluid  in  the  neighbouring  parts  will  be 
more  rare,  and  vice  verfa.  Thefe  alternate 
changes  of  rarity  and  denfity  mull,  from  the 
nature  of  an  elaftic  fluid,  continue  to  ofcillate 
many  times  backwards  and  forwards  before  the 
fluid  can  be  at  reft ; though,  when  thefe  mo- 
tions are  weakened  to  a certain  degree,  they  are 
imperceptible  to  the  obferver 

Moll:  of  the  preceding  experiments  may  be 
made  with  cylinders  of  wood  or  glafs  inftead  of 
brafs.  When  glafs  is  ufed  it  muft  be  kept  dry 
and  not  difturbed  by  friction. 

It 


* Ibid,  p*  18. 
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It  is  not  improbable  that  the  attractive  and 
repulfive  motions  of  electrified  bodies,  are  ow- 
ing to  the  alternate  condenfation  and  dilatation 
of  the  electric  fluid  on  the  furface  of  thefe  bo- 
dies, as  they  are  naturally  carried  where  they 
meet  with  the  leaft  refiftance. 

That  there  is  a vibratory  motion  or  ftruggle, 
between  the  electric  fluid,  when  in  action,  and 
the  air,  is  evident  from  that  fenfation  which  is 
felt  when  a ftrongly  excited  electric  is  brought 
near  any  part  of  the  human  body;  and  is  fuch 
as  would  be  occafioned  by  a fpider’s  web  drawn 
lightly  along  the  fkin.  This  circumftance  is 
rendered  more  clear  by  an  experiment  made  by 
Dr.  Priefiley,  in  order  to  difcover  whether  elec- 
tricity was  concerned  in  the  freezing  of  wa- 
ter. 


EXPERIMENT  XXVI. 

He  placed  two  difhes  with  water  in  the  open 
air  in  the  time  of  a fevere  frofi,  one  of  them  he 
kept  ftrongly  electrified,  and  could  obferve  no 
difference  in  the  time  when  it  began  to  freeze, 
or  in  the  thicknefs  of  the  ice  when  it  had  been 
frozen  fome  time;  but  he  obferved,  on  each 
fide  of  the  electrified  wire,  the  fame  dancing 
vapour  which  is  feen  near  the  furface  of  the 

earth 
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earth  in  a hot  day,  or  at  any  time  near  a body 
ftrongly  heated. 

EXPERIMENTS  ON  THE  ATTRACTION  AND  RE- 
PULSION OF  EXCITED  SILK  RIBBON. 

EXPERIMENT  XXVII. 

Put  a black  and  white  ribbon  together,  and 
draw  them  through  the  fingers  $ by  this  oper- 
ation the  white  ribbon  will  be  electrified  pofi- 
tively,  the  black  negatively,  and  will  confe- 
quently  attract  each  other. 

EXPERIMENT  XXVIII. 

I 

Lay  either  of  the  ribbons  upon  a quire  of 
paper,  and  draw  over  it  amber,  fealing-wax, 
or  any  other  negative  electric,  the  ribbons  will 
be  excited  pofitively. 

If  pofitive  electrics  are  drawn  over  the  rib- 
bons, they  will  be  excited  negatively. 

experiment  xxix. 

A piece  of  flannel  and  a black  ribbon  will 
excite  as  well  together  as  a black  and  white 
ribbon. 
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EXPERIMENT  XXX. 

Dry  two  white  filk  ribbons  at  the  fire,  ex- 
tend them  on  any  fmooth  plane,  draw  the  edge 
of  a fharp  ivory  rule  over  them ; while  they 
continue  on  the  plane  they  do  not  feem  to  have 
acquired  any  eleflricity,  yet  when  taken  up 
feparately,  they  are  obferved  to  be  negatively 
electrified,  and  repel  each  other. 

When  they  are  feparated  from  each  other 
cledtric  fparks  are  perceived  between  them,  but 
when  they  are  again  put  on  the  plane,  no  light 
is  perceived  without  a lecond  friction. 

EXPERIMENT  XXXI. 

• - t 

Place  the  ribbons  on  a rough  conducing  fub- 
fiance,  rub  them  as  before,  and  they  will,  on 
their  feparation,  fhew  contrary  electricities, 
which  will  alfo  difappear  when  they  are  joined 
together. 

If  the  ribbons  are  made  to  repel  each  other 
and  then  joined  together,  and  placed  on  the 
fore-mentioned  rough  fub fiance,  they  will  in  a 
few  minutes  be  mutually  attradled ; the  upper- 
moft  being  pofitivcly,  the  undermofi:  negatively, 
ele&rified. 


When 
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When  two  white  ribbons  receive  their  fric- 
tion on  a rough  furface,  they  always  acquire 
contrary  electricities ; the  upper  one  is  ne- 
gatively, the  lower  one  pofitively,  electrified. 

EXPERIMENT  XXXII. 

When  two  ribbons  are  made  to  repel  each 
other,  draw  the  point  of  a needle  lengthways 
down  one  of  them,  and  they  will  rufh  toge- 
ther. 

EXPERIMENT  XXXIII. 

Bring  an  eleCtrified  ribbon  near  a fmall  in  fil- 
iated metallic  plate,  it  will  be  attracted  but 
feebly  ; bring  a finger  near  the  plate,  a fpark 
will  be  obferved  between  them,  though  both 
together  fhew  no  figns  of  eleCtricity  ; on  the 
reparation  of  the  ribbon  they  again  appear  to 
be  eleCtrified,  and  a fpark  is  perceived  between 
the  plate  and  the  finger. 


experiment  xxxiv. 

Lay  a number  of  ribbons  of  the  fame  colour 
upon  a fmooth  conducting  fubftance,  draw  the 
ivory  rule  over  them,  take  them  up  fingly,and 

each 
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each  will  give  a fpark  at  the  place  where  it  is 
feparated  from  the  other  ; the  laft  will  do  the 
fame  with  the  conductor ; they  are  all  nega-* 
tively  electrified.  Take  them  from  the  plate 
together,  they  will  all  cohere  in  one  mafs, 
which  is  negatively  electrified  on  both  fides. 

experiment  xxxv. 

Let  them  be  placed  on  a rough  conducting 
fubftance,  and  then  be  feparated  fingly,  begin-* 
ning  with  the  lowermoft,  fparks  appear  as  be- 
fore, but  all  the  ribbons  will  be  eleCtrified  po- 
fttively  except  the  uppermoft.  If  they  receive 
the  friCtion  upon  the  rough  conductor,  and  are 
all  taken  up  at  once,  all  the  intermediate  rib- 
bons acquire  the  eleCtricity  of  the  higheft  or 
lowed,  according  as  the  feparation  is  begun 
with  the  higheft  or  the  lowed. 

The  following  very  curious  obfervations  and 
experiments  were  made  by  Mr.  Symmer.  He 
had  been  accuftomed  to  wear  two  pair  of  filk 
dockings,  a black  and  a white,  when  thefe 
were  pulled  off  both  together  no  figns  of  elec- 
tricity appeared  ; but,  on  pulling  off  the  black 
ones  from  the  white,  he  heard  a fnapping  or 
cracking  noife,  and  in  the  dark  perceived 
fparks  between  them.  To  produce  this  and 

the 
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the  following  appearances  in  great  perfection, 
it  was  only  necefiary  to  draw  his  hand  feveral 
times  backward  and  forward  over  his  leg  with 
the  flockings  upon  it. 

When  the  flockings  were  feparated  and  held 
at  a diftance  from  each  other,  both  of  them  ap- 
peared to  be  highly  excited  ; the  white  flocking 
pofitively,  the  black  negatively.  While  they 
were  kept  at  a diftance  from  each  other,  both 
of  them  appeared  inflated  to  fuch  a degree  that 
they  exhibited  the  intire  fihape  of  the  leg. 
When  two  black  or  two  white  flockings  are 
held  in  one  hand,  they  repel  one  another  with 
confiderable  force.  When  a white  and  a black 
flocking  are  prefented  to  each  other  they  are 
mutually  attracted,  and  rulh  together,  if  per- 
mitted, with  great  violence.  As  they  ap- 
proach the  inflation  gradually  fubfides,  and 
their  attraction  of  foreign  objeCts  diminifhes, 
but  their  attraction  of  one  another  increafes  ; 
when  they  actually  meet,  they  become  flat  and 
joined  clofe  together,  like  fo  many  folds  of 
fllk ; when  feparated  again,  their  eleCtric  virtue 
does  not  feem  to  be  in  the  leaft  impaired  for 
having  once  met.  The  fame  appearances  will 
be  exhibited  by  them  for  a confiderable  time. 

When  the  flockings  were  fuffered  to  meet, 
they  ftuck  together  with  confiderable  force  ; 

at 
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at  firft  Mr.  Symmer  found  they  required  from 
one  to  twelve  ounces  to  feparate  them.  Ano- 
ther time  they  raifed  17  ounces.  Getting  the 
black  ftockings  new  dyed,  and  the  white  ones 
walhed,  and  whitened  in  the  fumes  of  new  ful- 
phur,  and  then  putting  them  one  within  the 
other,  with  the  rough  fides  together,  they  re- 
quired three  pounds  three  ounces  to  feparate 
them.  When  the  white  docking  was  put  within 
the  black  one,  fo  that  the  outfide  of  the  white 
was  contiguous  to  the  infideofthe  black,  they 
raifed  nine  pounds,  wanting  a few  ounces ; 
when  the  two  rough  furfaceswere  together,  they 
raifed  fifteen  pounds,  one  penny  weight  and  a 
half.* 


* The  Rev.  Mr.  Lyons  has  made  many  curious  expe- 
riments on  the  attra&ion  of  ribbons;  their  cohefion,  &c. 
See  Lyon’s  Experiments  and  Obfervations  onEledricity. 
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C H A P.  IV. 

ENTERTAINING  EXPERIMENTS  BY  THE  ATTRAC- 
TION AND  REPULSION  OF  LIGHT  BODIES,  WITH 
SOME  REMARKS  ON  ELECTRICAL  ATTRACTION. 

FE  W philofophical  fciences  afford  fo 
much  entertainment  as  electricity  : in  it 
the  ufeful  and  agreable  are  intimately  blended; 
and  the  philofopher,  while  he  is  inveftigating 
the  abftrufe  parts,  is  entertained  by  the  variety 
and  beauty  of  the  experiments,  which  confirm 
or  difprovethe  hypothecs  he  wifhes  to  eflablifh. 

EXPERIMENT  XXXVI. 

r 

Fix  the  end  A of  the  wire  A B,  Fig.  10,  in 
the  fmall  hole  which  is  at  the  end  of  the  prime 
conductor;  turn  the  cylinder,  and  the  feathers, 
which  are  connected  with  the  wire  by  linen 
threads,  will  feparate  from  each  other;  the 
fibrous  and  downy  parts  will  become  turgid, 
and  expand  in  a pleafing  manner,  in  a variety 
of  directions. 

Prefent  a metallic  point,  the  finger,  or  any 
other  conducting  fubftance  to  the  feathers,  the 
downy  parts  thereof  will  immediately  collapfe, 

the 
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the  divergence  of  the  feathers  will  ceafe,  and 
they  will  approach  each  other,  and  cling  round 
the  non-eleCtric  body. 

The  feathers  feparate  from  each  other*  and 
tend  towards  uneleCtrified  bodies,  from  the 
effort  made  by  the  electricity  which  is  commu- 
nicated to  them  to  diffufe  itfelf,  and  the  refift- 
ance  it  meets  with  from  the  air. 

EXPERIMENT  XXXVII. 

Fix  the  end  C of  the  wire  C D,  Fig.  n,  in- 
to the  hole  at  the  end  of  the  conductor,  put 
the  machine  in  aCtion,  and  the  two  fmall  balls 
c d,  will  recede  from  each  other.  Bring  a 
conducting  fubftance  within  the  fphere  of  their 
aCtion,  and  they  will  fly  towards  it ; touch  the 
conductor  with  a non-eleCtric,  and  they  will 
immediately  come  together. 

The  balls  do  not  always  diverge  fo  much  as 
might  be  expeCted  from  the  aCtion  of  their  at- 
mofpheres,  becaufe  they  are  influenced  by  that 
of  the  conductor. 

The  balls,  or  feathers,  will  feparate,  &c.  in 
the  fame  manner,  if  they  are  annexed  to  a ne- 
gative conductor. 
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experiment  XXXVIII. 

Prefent  a fine  thread  towards  an  electrified 
conductor;  when  it  is  at  a proper  diftance,  it 
will  fly  towards,  and  flick  to  the  conductor, 
and  convey  the  eleCtric  fluid  from  it  to  the 
hand;  remove  the  thread  to  a fmall  diflance 
from  the  conductor,  and  it  will  fly  backwards 
and  forwards  with  great  velocity,  and  in  a very 
pleafing  manner  : prefent  the  fame  thread  to- 
wards one  that  hangs  from  the  conductor,  they 
will  attraCt  and  join  each  other.  Bring  a non- 
electric body,  as  abrafs  ball,  nearthefethreads, 
the  ball  will  repel  that  held  by  the  hand,  and 
attraCt  that  which  is  affixed  to  the  conductor  : 
the  upper  thread  renders  the  brafs  ball  nega- 
tive, and  therefore  goes  towards  it ; while  the 
under  thread,  which  is  alfo  negative,  is  repel- 
led. Let  the  ball  be  brought  near  to  the  lower 
part  of  the  under  one,  and  it  will  be  attracted 
hy  it.  The  junction  of  the  threads  arifes  from 
the  effort  the  eleCtric  fluid  makes  to  diffufe  it- 
felf  through  them. 
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EXPERIMENT  XXXIX. 

To  the  edge  of  the  brafs  hoop  b c d,  fig.  i 2, 
are  fattened,  at  equal  diftances  from  each 
other,  fix  or  feven  pieces  of  thread,  about  four 
inches  long  ; a wire  proceeds  from  the  hoop, 
which  fits  into  a cavity  in  the  pillar  D ; z e is 
a brafs  wire,  to  one  end  of  which  are  fattened 
feveral  fmall  pieces  of  thread  ; fit  the  plain  end 
of  the  wire  into  the  hole  at  the  end  of  the  con- 
ductor* place  the  hoop  b c d at  right  angles  to  the 
wire  z e,  and  direCtly  over  the  threads  at  the 
end  z;  turn  the  cylinder,  and  the  threads  tied  to 
the  hoop,  will  be  attracted  by  thofe  which  are 
fattened  to  the  wire  z e,  and  will  point  towards 

t ... 

each  other  as  fo  many  radii  of  a circle.  The 
eleCtric  fluid  pafles  from  the  threads  of  the  wire 
into  thofe  of  the  hoop,  anti  thus  occafions  the 
feeming  attraction  between  them. 

Place  the  hoop  b c d on  an  infulating  ftand, 
and  when  it  is  faturated  with  the  electric  mat- 
ter, the  threads  which  are  tied  to  it,  will  be 
repelled  by  thofe  of  the  wire-;  touch  the  hoop, 
and  thev  will  beag;ain  attracted.  If  the  hand 
is  brought  near  the  threads,  they  will  quit  their 
central  direction,  and  move  towards  it.  The 
ends  of  the  threads  appear  luminous  in  the  dark. 
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EXPERIMENT  XL. 

Sufpend  the  fmall  metal  plate  F,  fig.  13,  to 
the  conductor  by  the  hook  H ; place  the  Hand 
I directly  under  it,  and  the  large  plate  G on 
the  top  of  the  ftand  ; the  upper  part  of  the 
{land  I is  moveable,  fo  that  the  difiance  of  the 
two  plates  from  each  other,  may  be  occafion- 
ally  varied.  Lay  fmall  paper  images,  or  any 
other  light  fubfiances,  on  the  under  plate,  then 
put  the  machine  in  adtion,  and  the  light  bodies 
will  be  attracted  and  repelled  by  each  plate, 
and  move  from  one  plate  to  the  other  with  con- 
fiderable  velocity. 

The  light  bodies  placed  on  the  under  plate, 
become  pofiefled  of  an  electricity  which  is  con- 
trary to  that  of  the  upper  plate,  and  are  there- 
fore attracted  by  it,  and  acquire  the  fame 
electricity  with  it;  they  are  then  repelled, 
and  part  with  this  eledtrici ty  to  the  fiand,  and 
are  again  in  a proper  ftate  to  be  attracted  by  the 
upper  plate.  That  thefe  bodies  cannot  be  at- 
tracted by  the  upper  plate,  till  they  have  ac- 
quired a power  contrary  to  it,  or  till  the  equili- 
brium of  the  fluid  in  them  is  difturbed,  will 
be  evident  from  the  following  experiment. 
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EXPERIMENT  XLI. 

Remove  the  under  plate  and  fland,  hold  in 
its  dead,  by  one  corner,  a pane  of  glafs,  which 
has  previoufly  been  made  very  clean  and  dry  ; 
now,  as  glafs  does  not  tranfmit  electricity,  no 
contrariety  in  the  eleCtric  dates  of  the  conduc- 
tor and  the  light  fubdances  can  be  occafioned, 
and  therefore  no  attraction  or  repulfion  is  ob- 
ferved. 

If  a finger  i9  prefented  to  the  under  fide  of 
the  glafs  plate,  the  light  bodies  will  be  attrac- 
ted and  repelled  : the  caufe  of  this  will  be  feen 
when  the  nature  of  the  Leyden  phial  is  ex- 

Mr.  Eeles'*,  fpeaking  of  this  alternate  at- 
traction and  repulfion,  fays,  they  may  be 
agreeably  varied,  by  wetting  firft  the  head  of 
the  paper  images,  and  when  thefe  are  dry, 
wetting  the  feet. 

“ When  you  dry  the  head  of  one  of  thofe 
“ images,  the  power  thrown  out  from  the  con- 
“ duCtor,  cannot  enter  the  image  with  the  fame 
“ facility  with  which  the  contrary  power  from 
<<  the  table  enters  at  the  feet,  which  are  not  fo 

dry ; 


* Philofophical  Effuys.  Preface,  page  25. 
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“ dry;  this  will  therefore  afcend  to  the  upper 
“ plate  and  remain  there.  Reverfe  the  expe- 
“ riment ; dry  the  feet  and  wet  the  head,  and 
“ the  images  will  fix  themfelves  to  the  lower 
“ plate.  If  the  image  retains  fo  much  more  of 
<c  the  attracted  power  as  will  balance  againft 
6C  its  weight,  than  there  is  of  the  contrary 
ct  power  which  proceeds  from  the  conductor, 
“ the  image  will  be  fufpended  between  the  two 
“ plates. 

“ This  may  be  effected  by  making  the  head 
“ of  the  image  broad  and  round,  which  does 
<c  not  admit  the  power  coming  out  fo  readily 
“ as  the  feet,  being  fharp,  admit  the  power 
“ g°ing  a minute  alteration  will  make  the 
“ images  dance,  or  remain  fixed  to  one  of  the 
i(  plates. 

experiment  xlii. 

Place  a fquare  piece  of  leaf  brafs  or  filveron 
the  under  plate,  hold  this  parallel  to  the  upper 
one,  at  about  five  or  fix  inches  from  it,  turn 
the  machine,  and  the  leaf  will  then  rife  up  in- 
to a vertical  fituation,  and  remain  between  the 
two  plates,  without  touching  either  of  them. 
Prefenta  metal  point  towards  the  leaf,  and  it 
will  immediately  fall  down. 

F 3 
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EXPERIMENT  XLIII. 

* / ■ # 

Place  a brafs  ball  at  K,  fig.  14,  at  the  end 
of  the  conductor,  and  when  the  leaf  of  brafs  is 
fufpended  between  the  plate  and  ball,  move 
the  plate  round  the  ball,  and  the  leaf  will  alfo 
move  round,  without  touching  either  ball  or 
plate* 

A glafs  cylinder  is  occafionally  placed  between 
* the  two  metal  plates  F G,  fig.  13,  to  prevent 
bran,  fand,  or  other  light  fubftances,  being 
thrown  off. 

EXPERIMENT  XLIV. 

Place  two  wires  direCtly  under,  and  parallel 
to,  each  other,  fufpend  one  from  the  conduc- 
tor, let  the  other  communicate  with  the  table; 
a light  image  placed  between  thefe,  will,  when 
the  conductor  is  electrified,  appear  like  a kind 
of  eleCtrical  rope-dancer. — See  fig.  15. 

experiment  xlv. 

Cut  a piece  of  leaf  brafs,  with  an  obtufe 
angle  at  one  end,  and  a very  acute  one  at  the 
other,  prefent  the  large  end  towards  an  electri- 
fied 
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fled  conductor,  and  when  the  leaf  brafs  is 
within  'its  atmofphere,  let  it  go  ; it  will  then 
fix  itfelf  to  the  condudor  by  the  apex  of  its 
obtufe  angle,  and,  from  its  continual  wavering 
motion,  will  appear  to  be  animated. 

The  next  experiment  requires  confiderable 
attention  to  make  it  fucceed ; as  a fmall  differ- 
ence in  the  apparatus,  or  in  the  force  of  the 
machine,  &c.  will  make  it  fail  : when  it  an- 
fwers,  it  generally  affords  pleafure  to,  and  ex- 
cites admiration  in,  the  fpedators, 

experiment  xlvi. 

Fix  the  ring  NOP,  fig.  16,  to  the  end  of 
the  condudor ; place  the  plate  G,  fig.  iq,  on 
its  ftand  I under  it,  and  at  a little  di fiance  from 
it,  put  a very  light  hollow  giafs  ball  upon  the 
plate,  but  within  the  ring  ; turn  the  cylinder, 
and  the  little  ball  will  deferibe  an  orbit  about 
the  ring,  and  turn  at  the  fame  time  about  its 
own  axis : the  poles  of  its  rotation  are  nearly  at 
right  angles  to  the  plane  of  its  orbit. 

experiment  xlvii. 

Fig.  17  reprefents  a fmall  fet.  of  bells,  the 
two  exterior  ones  are  conneded  to  the  wire  VY, 
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by  a brafs  chain,  the  middle  bell  and  the  clap- 
pers are  fufpended  on  filk. 

Hang  the  bells  on  the  conductor  by  the  hook 
R S,  let  the  chain  from  the  middle  bell  touch 
the  table,  turn  the  cylinder,  and  the  clappers 
will  fly  continually  from  bell  to  bell,  as  long 
as  the  electricity  continues. 

The  brafs  chain,  which  connects  the  two  ex- 
terior bells  to  the  conductor,  conveys  the  elec- 
tric fluid  to  them,  which  attracts  the  clappers  ; 
thefe,  when  they  have  received  the  eleCtric 
fluid,  are  repelled  by  the  exterior  bell,  and  at- 
tracted by  the  middle  one,  on  which  they  de- 
poflt  their  eleCtricity  j they  are  then  again  at- 
tracted and  repelled  by  the  outer  bells.  Hold 
up,  by  a filk  thread,  the  chain  X,  which  pro-? 
ceeds  from  the  middle  bell,  and  the  ringing 
will  ceafe,  becaufe  it  cannot  convey  the  elec- 
tric fluid  communicated  by  the  clappers  to  the 
ground. 

Fig.  1 8 reprefents  a more  elegant  form  of 
mounting  the  bells.  When  this  is  ufed,  the 
knob  a,  Ihould  communicate  with  the  con- 
ductor. 

Fig.  19  reprefents  another  kind.  In  this  the 
clapper  is  fufpended  from  the  fly  bed,  the 
axis  of  the  fly  refts  in  a fmall  hole  on  the  top  of 
the  glafs  pillar  e f,  the  upper  part  of  the  axis 
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moves  freely  in,  and  is  fupported  by,  a hole 
in  the  brafs  piece  g.  Bells  of  different  tones 
are  placed  round  the  board  h I K.  Remove 
the  prime  conductor,  and  place  this  apparatus 
in  its  ftead  near  the  cylinder;  when  this  is  in 
addon,  it  will  caufe  the  fly  to  turn  round,  the 
clapper  will  ftrike  each  bell  in  rotation,  and 
thus  produce  a pleafing  and  harmonious  found. 

EXPERIMENT  XLVIII. 

Take  ten  or  twelve  pieces  of  thread,  each 
about  ten  inches  long,  tie  them  together  at  the 
top  and  the  bottom,  as  in  fig.  20,  thenfufpend 
them  from  the  condudor  ; the  threads,  when 
eledrified,  endeavour  to  recede  from  each 
other,  and  the  knot  at  the  bottom  rifing  up- 
wards as  the  repulfion  of  the  thread  increafes, 
will  form  them  into  a fpheroidal  figure. 

EXPERIMENT  XL1X. 

Bring  a downy  feather  or  lock  of  cotton  near 
the  end  of  an  excited  tube,  or  the  knob  of  a 
charged  Leyden  phial,  the  feather  will  at  firfl; 
fly  towards  the  tube,  but  when  it  is  faturated 
with  the  eledric  matter,  it  will  recede  from  it, 
gnd  may  be  driven  about  the  room  by  the  ex- 
cited 
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cited  tube,  till  it  touches  fome  hon-conduCtor, 
to  which  it  can  impart  its  electricity.  The 
fame  fide  jof  the  feather  is  always  turned  to- 
wards the  tube;  becaufe  the  electricity  ac- 
quired by  the  feather,  is  forced  by  the  aCtion 
of  the  tube,  to  that  fide  which  is  farthefir  from 
it,  which  is  therefore  repelled. 

It  is  eafy  to  perceive,  from  this  and  the 
foregoing  experiments,  that  it  is  not  the  mere 
matter  ivhich  is  attracted,  but  that  the  different 
phoenomena  are  occafioned  by  the  ftate  of  the 
eleCtric  fluid,  in  thole  fubftances  which  are  in- 
fluenced by  the  machine. 

' EXPERIMENT  L. 

f 

i ' • > f i ' ' 

Put  a pointed  wire  into  one  of  of  the  holes 
which  are  at  the  end  of  the  conductor,  hold  a 
glafs  tumbler  over  the  point,  then  eleCtrify  the 
conductor,  and  turn  the  tumbler  round,  that 
the  whole  interior  furface  may  receive  the  fluid 
from  the  point;  place  a few  pith  balls  on  the 
table,  and  cover  them  with  this  glafs  tumbler, 
the  balls  will  immediately  begin  to  leap  up  and 
down  as  if  they  were  animated,  and  will  con- 
tinued move  for  a long  time.  See  fig.  21. 

- This  experiment  may  be  agreeably  varied 
with  two  tumblers.  EleCtrify  the  infide  of  one 
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pofitively,  of  the  other  negatively ; put  the 
balls  in  one  tumbler*  and  then  bring  the  mouths 
of  both  in  contact,  the  balls  will  pafs  from 
one  to  the  other,  till  the  contrariety  between 
them  is  deftroyed. 

An  electric  fub fiance  contained  between  pa- 
rallel furfaces,  however  difpofed,  is  called  an 
electric  plate. 

EXPERIMENT  LI. 

Electrified  fub fiances  will  attraCt  thofe  which 
are  not  eleCtrified,  although  a thin  eleCtric 
plate  be  interpofed  between  them. 

experiment  lii. 

Bodies  eleCtrified  with  contrary  powers,  at- 
tract each  other  flrongly,  although  an  eleCtric 
plate  is  interpofed  between  them  : and  indeed, 
all  thofe  phenomena  which  depend  on  the  in- 
fluence of  the  eleCtric  atmofpheres,  may  be 
produced,  although  an  eleCtric  is  interpofed 
between  the  body  and  excited  eleCtric. 

To  account  for  any  of  the  phenomena  of 
eleCtric  attraction  and  repulfion,  is  very  diffi- 
cult, but  more  fo  to  fhew  why  bodies,  which 
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are  electrified  with  the  fame  power,  repel  each 
other,  particularly  thofe  which  are  negatively 
eleCtrified.  Philofopher9  have  invented  various 
folutions  of  this  difficulty ; the  following  is 
efteemed  the  belt. 

<c  * To  underftand  why  bodies,  poflefied  of 
the  fame  eleCtricity,  repel  each  other,  the  rea- 
der  mult  be  reminded  of  the  following  princi- 
ple, viz.  that  the  eleCtric  fluid  proper  to  a body, 
can  be  neither  augmented  or  diminifhed  on  the 
furface  of  that  body,  except,  the  faid  furface 
is  contiguous  to  an  eleCtric,  which  can  acquire 
a contrary  eleCtricity  at  a little  diftance  ; from 
whence  it  follows,  that  no  eleCtricity  can  be  dif- 
played  on  the  facing  furfaces  of  two  bodies, 
which  are  fufficiently  near  each  other,  and 
both  poflefied  of  the  fame  eleCtricity,  becaufe 
the  air  that  lies  between  them,  has  no  liberty 
of  acquiring  a contrary  eleCtricity.  This  being 
premifed,  the  explanation  of  eleCtric  repulfion 
becomes  eafy.  Suppofe,  for  inftance,  that 
two  fmall  bodies  are  freely  fufpended  by  in  fil- 
iated threads,  fo  that  when  they  are  not  electri- 
fied, they  hang  contiguous  to  each  other  : now 

fuppofc 
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fuppofe  thefe  bodies  to  be  eledtrified  pofitively 
or  negatively,  and  they  muft  repel  each  other; 
for  either  the  increafed  or  diminifhed  quantity 
of  the  eledtric  fluid  in  thefe  bodies,  will  endea- 
vour to  diffufe  itfelf  equally  over  every  part  of 
the  furfaces  of  thefe  bodies,  and  this  endeavour 
will  caufe  the  bodies  to  recede  from  each 
other,  fo  that  a quantity  of  air  may  be  inter- 
pofed  between  their  furfaces  fufficient  to  ac- 
quire a contrary  eledtricity,  at  a little  diftancc 
from  the  faid  furfaces : otherwife,  if  the  bodies 
pofleffed  of  the  fame  eledtricity,  do  not  repel 
each  other,  fo  that  a fufficient  quantity  of  air 
may  be  interpofed  between  their  furfaces,  the 
increafed  quantity  of  eledtric  fluid,  when  the 
bodies  are  eledtrified  pofitively,  or  the  rem- 
nant of  it,  when  they  ar$  eledtrified  negatively, 
cannot  be  diffufed  equally  over  the  furfaces  of 
thefe  bodies ; for  no  eledtricity  can  appear  upon 
the  furfaces  of  bodies  in  contadt,  or  that  are 
very  near  each  other  : but  the  eledtric  fluid,  by 
attradting  the  particles  of  matter,  endeavours 
to  diffufe  itfelf  equally  over  the  furfaces  of  thefe 
bodies,  and  the  bodies  are  by  this  endeavouiy 
forced  to  repel  each  other.” 
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“ * The  difficulty  is  not,  however,  folved 
by  this  theory,  which  only  explains  one  faCt 
by  another,  which  requires  as  much  explana- 
tion asthefirfl:  : but  overlooking  this,  it  is  fiill 
infufficierit : for  granting  that  bodies  nega- 
tively electrified,  ought  to  repel  each  other, 
till  the  electricity  is  equally  diffufed  over 
their  furfaces,  yet  when  this  is  accompliffied, 
the  repul fion  ought  to  ceafe.  Further,  there 
is  no  reafon  for  fuppofing  the  electrification  to 
take  place  while  the  bodies  are  in  contaCt,  or 
nearly  fo.  One  may  be  electrified  negatively 
in  one  corner  of  a room,  and  another  in  the 
other.  The  electrification  may  alfo  be  con- 
tinued for  any  length  of  time  we  pleafe.  So 
that  the  eleCtric  matrer  muft  have  diffufed  it- 
felf  equally  over  the  furfaces  of  both.  Yet, 
if  we  attempt  to  bring  thefe  bodies  together, 
they  will  repel  each  other,  which  ought  not 
to  be  the  cafe  on  the  preceding  fuppofition.” 
cc  -j-Pofitive  electricity  has  been  fuppofed 
by  another,  to  confift  of  a vibratory  motion 
in  the  air  and  eleCtric  fluid,  in  which  the  force 
af  the  vibration  is  directed  outwards  from  the 
eleCtric  body : that  in  negative  electricity, 

there, 

* Encyclopaedia  Brittannica,  p.  2683. 
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there  is  alfo  a vibratory  motion, ebut  the  force 
is  directed  inwards.  Nowfiet  uS  fuppofe  a bo- 
dy pofitivcly  eledtrified,  fufpen'ded  by  a fmall 
thread,  at  a difUnce  from  any  other,  the  vi- 
bratory motion  being  kept  up  by  an  equal 
preffure  on  all  fides,  the  body  is  neither  moved 
to  one  fide  nor  another ; but  when  a negatively 
electrified  body  is  brought  near,  the  force  of 
the  vibration  being  directed  outwards  in  the 
one,  and  inwards  in  the  other,  the  preffure  of 
the  fluid  in  the  intermediate  lpace  between 
them  is  greatly  leffened,  and  confequently  the 
preffure  on  the  other  fide  drives  them  both  to- 
gether, and  they  are  faid  to  attradl  each  other. 
If  abody  electrified  pofitively,  is  brought  near 
the  firft,  the  force  of  the  vibrations  are  diredt- 
ly  oppofed  to  each  other,  and  therefore  the 
bodies  recede  from  each  other.  The  cafe  is 
the  fame  with  two  bodies  negatively  eledtrified  ; 
for  here  the  vibration  being  diredted  towards 
both  bodies,  as  towards  two  centers,'  mud 
caufe  them  to  recede  from  each  other,  becaufe 
if  they  remained  in  contadt,  the  vibratory  mo- 
tions would  interfere  with  each  other. 

“ When  a fmall  body  is  brought  within  the 
iphfereof  another’s  eledtricity,  the  equable  pref- 
fure of  that  vibratory  or  electrical  fphere,  is 
focnewhat  leffened  upon  the  fide  near  which  the 

body 
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body  is  brought,  and  it  is  therefore  impelled 
towards  the  firft  by  the  adtion  of  the  furround* 

ing  fluid,  in  order  to  keep  up  the  equilibrium. 

\ 

As  foon  as  it  arrives  there,  the  vibrations  of 
the  fluid  around  the  firft  body,  being  commu- 
nicated to  that  within  the  pores  of  the  fecond, 
it  acquires  a fphere  of  eledtricity  as  well  as  the 
firft,  and  is  confequently  repelled  : the  repul- 
fion  continues  till  the  vibration  ceafes,  either 
by  the  adtion  of  the  air,  or  by  the  body  com- 
ing in  contadt  with  another  larger  than  itfelf, 
in  which  cafe  its  eledtricity  is  faid  to  be  dif- 
charged.  If,  after  this  difcharge,  the  fecond 
body  is  ftill  within  the  fphere  of  the  firft,  it 
will  be  immediately  attradted,  and  very  foon 
after  repelled,  and  fo  on  alternately,  till  the 
eledtricity  of  the  former  totally  ceafes.” 

From  feveral  experiments  of  Beccarias,  it 
appears,  that,  if  the  air  is  thoroughly  exhaufted 
from  a glafs  receiver,  the  attradtion  and 
repulfion  of  eledtrified  light  bodies  within  the 
receiver,  grows  languid,  and  foon  ceafes  alto- 
gether. This  is  confirmed  by  an  experiment 
of  Mr.  Cavallos.  A pith  ball  eledtrometer  was 
lufpended  within  a receiver  of  an  air  pump, 
by  its  brafs  cap ; this  was  then  eledtrified  ; the 
balls  diverged  a little  when  the  air  was  only 
rarified  ioo  times;  when  it  was  rarified  300 

times. 
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times,  the  repullion  was  fcarce  difcernible : 
when  the  rarifadtion  was  greater,  they  did  not 
diverge  at  all  ; and  that,  whether  a fmall  or 
large  quantity  of  electricity  was  communicated 
to  the  cap.* 


* Phil.  Tranf.  vol.  73,  p.  4 $2. 


G 


CHAP. 


AN  ESSAY  ON 


82 

CHAP.  V. 

OF  THE  ELECTRIC  SPARK. 
EXPERIMENT  LIII. 

FI  X the  wire  and  ball  B to  the  end  of  the 
conductor,  as  at  A,  fig.  29,  turn  the  cy- 
linder, and  then  bring  the  knuckle,  or  another 
metal  ball,  as  C,  towards  B ; if  the  machine  is 
powerful,  a long,  crooked,  brilliant,  eleCtric 
fpark,  with  the  appearance  of  fire,  attended  with 
a fnapping  noife,  will  pafs  between  the  two  balls, 
or  between  the  knuckle  and  ball. 

The  experiments  in  the  foregoing  chapter 
fhow,  that  thofe  fubftances  which  are  brought 
within  the  influence  of  electrified  bodies,  will 
become  poflfefled  of  a contrary  electricity,  and 
are  confequently  in  a proper  Bate  to  receive  a 
fpark  from  any  body  that  is  charged  with  eleCtric 
matter ; and  when  brought  near  enough,  they 
will  receive  the  fluid  in  one  explofion.  If  the 
conductor  is  negative,  it  receives  the  fluid  from 
the  approaching  body.  The  fpark  does  not  ex- 
plode at  the  greateft  diflance  on  a given  body, 
until  it  has  firft  been  made  to  ftrike  at  fome 
fmaller  diftance,  which,  as  it  were,  entices  the 
difcharge  gradually  forwards. 
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The  longeft  and  moft  denfe  fparks  proceed 
from  that  end  of  the  conductor  which  is  fartheft 
from  the  cylinder,  though  long  curvilinear  fparks 
may  alfo  be  taken  near  the  infulating  pillar  which 
fupports  the  conductor. 

T he  fpark,  or  quantity  of  electricity  difcharged, 
is  nearly  in  proportion  to  the  fize  of  the  conduCt- 
or ; fo  that  larger  and  longer  fparks  are  obtained 
from  a conductor  which  has  a confiderable  fur- 
face,  than  from  a fmall  one.  This  has  been 
extended  fo  far,  that  the  force  of  the  fpark  from 
a conductor,  has  been  equal  to  a fhock  from  a 
good  fized  phial. 

The  found  is  occafioned  by  the  momentary 
agitation  into  which  the  air  is  thrown  by  the 
eleCtric  fluid. 

If  the  eleCtric  fpark  is  received  on  any  part  of 
the  body,  it  occafions  a fenfation  fomething  re- 
fembling  a fmart  blow,  which  is  more  or  lefs 
painful,  in  proportion  to  the  tendernefs  of  the 
part,  or  the  ftrength  and  weaknefs  of  the  fpark . 

When  the  quantity  of  electricity  is  fmall, 
and  incapable  of  ftriking  at  any  confiderable 
diftance  the  fpark  appears  ftrait ; but  when  it 
is  ftrong,  and  capable  of  ftriking  at  a greater 
diftance,  it  aflfumes  a crooked  or  zig-zag  direc- 
tion ; and  this,  probably,  becaufe  the  more 
fluid  eleCtric  matter  has  to  pafs  with  great  rapid- 
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ity  through  the  denfer  and  lefs  fluid  atmofphere, 
which  reciprocally  adt  upon  each  other. 

It  will  be  feen,  by  a great  variety  of  experi- 
ments, that  the  eledtric  fluid  is  dilfipated,  unlefs 
it  is  refilled  by  the  preflfure  of  the  atmofphere, 
which  keeps  the  fire  together  in  a body,  and  by 
concentrating,  it  increafes  its  fplendor.  The 
fpark  which  explodes  in  the  air  is  vivid,  like 
lightening ; buc  if  the  fame  is  tried  in  an  ex- 
haufted  receiver,  inftead  of  a fpark  and  explo- 
fion,  we  have  only  a filent,  faint,  diluted 
dream. 

Beccaria  fays,  that  the  air  refills  the  eledlric 
fpark  in  proportion  to  its  denfity,  and  the  thick- 
nefs  of  the  llratum  it  oppofes  to  the  Ipark,  or 
the  length  of  the  palfage  they  open  for  them- 
felves  through  its  fubllanc.e,  He  alfo  lhews,  by  a 
variety  of  experiments,  that  the  air  is  driven  in 
every  direction  by  the  eledlric  fluid,  with  a 
force,  the  adtion  of  which  does  not  immediately 
fubfide.  It  will  appear  from  this,  as  well  as 
many  other  confiderations,  that  the  exceeding 
great  velocity  and  llrength  of  the  eledlric  fluid, 
are  not  owing  to  a repulfive  power  among  its 
particles,  but  to  the  mutual  adlion  of  the  air, 
and  eledtric  fluid  upon  themfelves  and  one  ano- 
ther ; and  that  its  momentum  is  produced  by 
the  incumbent  prelfure  of  the  atmofphere  on  the 

eledtric 


r 


electricity. 


85 


electric  fluid,  and  the  preffure  of  one  part  of  this 
matter  upon  another.  This  latter  preffure  muft 
be  very  great,  if  the  particles  of  the  eleddric  fluid 
are  in  contact,  or  add  immediately  one  on  the 
other  throughout  the  wide  immenflty  of  fpace. 

The  eleddric  fpark  appears  of  a different 
colour,  according  to  its  denfity  : when  it  is  rare, 
it  appears  of  a blueifh  colour ; when  more  denfe, 
it  is  purple ; when  highly  condenfed,  it  is  clear 
and  white,  like  the  light  of  the  fun. 

The  middle  part  of  an  eleddric  fpark  often  ap- 
pears diluted,  and  of  a red  or  violet  colour  ; the 
ends  are  more  vivid  and  white,  probably  becaufe 
the  fluid  meets  with  the  greateJd  refiftance  at  its 
entrance  and  exit. 

The  fpark  is  fometimes  divided  into  many 
parts,  as  in  fig.  30.  The  rays  of  the  pencil 
concentrate  where  they  ftrike  the  ball,  and  form 
upon  it  many  denfe  and  fhining  fparks. 


EXPERIMENT  LIV. 

Place  an  ivory  ball  on  the  conductor,  take  a 
ftrong  fpark  (or  pafs  the  charge  of  a Leyden 
bottle  through  the  center  of  it)  the  ball  will  ap- 
pear perfectly  luminous.  If  the  charge  is  not 
taken  through  the  center,  it  will  pafs  over  and 
corrode  the  furface  of  the  ball. 
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EXPERIMENT  LV. 

Take  a fpark  through  a ball  of  box- wood,  and 
it  will  appear  of  a beautiful  crimfon,  or  rather 
a fine  fcarlet  colour : or  the  fhock  may  be  pafied 
through  pieces  of  wood  of  different  thickneffes 
and  denfity,  which  will  afford  a very  ample  field 
for  obfervation  and  experiment. 

The  two  forgoing  experiments  are  fo  analagous 
to  the  famous  experiment  of  Mr.  Hawkfbee, 
and  fome  others  which  have  been  made  fince  his 
time,  that  I have  fubjoined  them,  and  hope 
they  will  lead  to  a further  inveftigation  of  this 
curious  fubje6t. 

EXPERIMENT  LVI. 

Mr.  Hauxfbee  lined  more  than  half  the  infide 
of  a glafs  globe  with  fealing  wax,  he  exhaufled 
the  globe,  and  put  it  in  motion,  when,  on  ap- 
plying his  hand  to  excite  it,  he  faw  the  lhape 
and  figure  of  it  as  diftin&ly  on  the  concave  fu  - 
perficies  of  the  wax  within,  as  if  only  pure  glafs 
had  intervened  between  his  eye  and  his  hand. 
The  lining  of  wax,  where  it  was  thinneft,  would 
but  juft  allow  the  light  of  a candle  to  be  feen 
through  it  in  the  dark.  In  fome  parts  the  wax 
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was  at  leaft  an  eighth  part  of  an  inch  thick ; yet, 
even  in  thofe  places,  the  flhape  and  figure  of  his 
hand  were  as  diflinguifhable  as  any  where  elfe. 

Beccaria  difcharged  an  ele£tric  fhock  through 
fome  brafs  duff,  fprinkled  between  two  plates  of 
fealing  wax  ; the  whole  was  rendered  perfedtly 
luminous  and  tranfparent. 

EXPERIMENT  LVII. 

This  extraordinry  experiment  was  made  by 
Dr.  Prieflley,  and  is  thus  defcribed  by  him.  I 
laid  a chain,  which  was  in  contact  with  the  out- 
fide  of  ajar,  lightly  on  my  finger,  and  fometimes 
kept  it  at  a fmall  diflance  by  means  of  a thin 
piece  of  glafs.  If  I made  the  difcharge  at  the 
diflance  of  about  three  inches,  the  ele£lric  fire 
was  vifible  on  the  furface  of  the  finger,  giving 
it  a fudden  concuflion,  which  feemed  to  make 
it  vibrate  to  the  very  bone  ; and  when  it  happen- 
ed to  pafs  on  that  fide  of  the  finger  which  was 
oppofite  to  the  eye,  the  whole  feemed,  in  the 
dark,  perfectly  tranfparent. 

EXPERIMENT  LVIII. 

Conne6t  one  end  of  a chain  with  the  outfide 
of  a charged  jar,  let  the  other  end  lye  on  the 
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tabic,  place  the  end  of  another  piece  of  chain, 
at  about  one  quarter  of  an  inch  diftance  from 
the  former,  then  fet  a decanter  of  water  on  thefe 
feparated  ends,  and,  on  making  the  difeharge 
through  the  chain,  the  water  will  appear  perfect- 
ly and  beautifully  luminous.  This  experiment 
was  commnicated  to  me  by  Mr.  Haas,  the  in- 
ventor of  an  improved  air  pump. 

Do  not  thefe  experiments  indicate,  that  there 
is  a fubtle  medium  both  in  electric  and  non- 
electric bodies,  that  renders  them  tranfparent, 
when  it  is  put  in  motion  ? 

EXPERIMENT  LIX. 

The  fparks  taken  over  a piece  of  filver 
leather,  appear  of  a green  colour 


EXPERIMENT  LX. 

E F,  fig.  31 , is  a glafs  tube,  round  which, 
at  fmall,  but  equal  diftances,  from  each  otherj 
pieces  of  tin-foil  are  palled  in  a fpiral  form, 
(hence  it  is  called  the  fpiral  tube,)  from  end  to 
end ; this  tube  is  inclofed  in  a larger  one, 
fitted  with  brafs  caps  at  each  end,  which  are  con- 
nected with  the  tin-foil  of  the  inner  tube.  Hold 
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one  end  in  the  hand,  and  apply  the  other  near 
enough  to  the  prime  condutor  to  take  fparks 
from  it,  a beautiful  and  lucid  fpot  will  then  be 
feen  at  each  leparation  of  the  tin-foil ; thefe  mul- 
tiply, as  it  were,  the  fpark  taken  from  the  con- 
ductor for  if  there  was  no  break  in  the  tin-foil, 
the  electric  fire  would  pafs  off  unperceived. 

1 

EXPERIMENT  LXI. 

The  luminous  word.  This  experiment  is  ex- 
actly on  the  fame  principles  as  the  foregoing. 
The  word  is  formed  by  the  fmall  feparations 
made  in  the  tin-foil,  which  is  parted  on  a piece 
of  glafs,  that  is  fixed  in  a frame  of  baked  wood, 
as  is  reprefented  in  fig.  32.  To  make  the  expe- 
riment, hold  the  frame  in  the  hand,  and  prefent 
the  ball  G to  the  conductor,  the  fpark  received 
on  this  will  be  communicated  to  the  tin-foil,  and 
follow  it  in  all  its  windings,  till  it  arrives  at  the 
hook  h,  and  is  conveyed  from  thence  to  the 
ground  by  a chain  : the  lucid  appearance  at  each 
break,  exhibits  a word  in  characters  of  fire. 

experiment  lxii. 

To  take  the  eletric  fpark  with  a metal  point, 
fcrew  a pointed  brafs  wire  into  one  end  of  a fpiral 
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tube,  and  prefent  it  to  the  conductor  while  the 
machine  is  in  aCtion,  when  a ftrong  fpark  will 
pafs  between  the  conductor  and  the  point. 

experiment  lxiii. 

Take  a clean  dry  glafs  tube,  of  about  a 
quarter  of  an  inch  bore,  infert  a pointed  wire  in 
this  tube,  keep  the  pointed  end  at  fome  diftance 
from  the  end  of  the  tube,  let  the  other  end  be  con- 
nected with  the  ground,  bring  the  former  to- 
wards the  prime  conductor,  and  ftrong  zig-zag 
fparks,  attended  with  a peculiar  noife,  will 
pafs  between  the  conductor  and  the  point. 

The  feparation  between  the  pieces  of  tin-foil, 
in  experiment  62,  forms  a refiftance  which  hin- 
ders the  immediate  reception  of  the  eleCtric  fluid, 
and  thus,  in  fome  meafure,  prevents  the  com- 
mon aCtion  of  the  point  on  the  conductor  or, 
the  power  of  a point  to  prevent  an  explofion, 
depends  on  its  having  a perfeCt  uninterrupted 
metallic  communication  with  the  earth  : though 
this  is  not  always  fufficient,  as  may  be  feen  by 
Ex.  lxiii,  where  the  fluid  is  concentrated  and 
collected  by  the  non-conduCting  fubftance  which 
furrounds  the  point ; a cafe  fimilar  in  many 
refpeCts,  to  the  conductors  which  are  ereCted 
for  the  prefervation  of  buildings. 


Let 


ELECTRIC!  TY. 


91 


experiment  lxiy. 

...  » • \ 

Let  any  perfon  (land  on  the  infulating  (tool, 
and  connect  himfelf  by  wire  or  chain,  with  the 
prime  conductor,  he  will  then  exhibit  the  fame 
appearances  which  are  obtained  from  the  con- 
ductor, and  will  attraCt  light  bodies,  give  the 
fpark,  &c.  and  thus  afford  a pleafmg  mode  of 
diverfifying  every  experiment.  It  is  abfolutely 
neceffary,  to  the  complete  fuccefs  of  this  expe- 
riment, that  no  part  of  the  cloaths  touch  the 
floor,  table,  &c.  and  that  the  glafs  feet  be  care- 
fully dried  : a fheet  of  dry  brown  paper  placed 
under  the  ftool,  will  be  found  of  confiderable 
fervice,  by  rendering  the  infulation  more  conn- 
pleat. 

If  the  infulated  perfon  lays  his  hand  on  the 
cloaths  of  one  that  is  not  fo,  efpecially  if  they 
are  woollen,  they  will  both  feel  as  it  were  many 
pins  pricking  them,  as  long  as  the  cylinder  is 
in  motion. 

experiment  lxv. 

To  fire  fpirits  of  wine  with  the  eleCtric  fpark, 
heat  the  ladle,  I,  fig.  33,  then  pour  a fmall  quan- 
tity of  fpirit  of  wine  into  it,  and  fix  it  by  its 
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handle  to  the  end  of  the  prime  conductor  ; or 
fin  the  Ipirits,  and  blow  them  out  a few  minutes 
before  the  experiment  is  made ; take  a fpark 
through  the  middle  of  the  ladle  with  a brafs  ball, 
and  the  Ipirits  will  be  fired  by  it. 

Or  let  a perfon,  Handing  on  an  infulating 
{tool,  and  connected  with  the  prime  conductor, 
hold  the  ladle  with  the  fpirits  in  his  hand,  and 
let  a perfon  on  the  floor  take  a fpark  through 
them,  and  they  will  be  fired.  The  experiment 
anfwers  equally  well,  if  the  perfon  on  the  floor 
holds  the  ladle,  and  the  infulated  perfon  takes 
the  fpark. 

EXPERIM  ENT  LXVI. 

The  foregoing  experiment  may  be  agreeably 
diverfified  in  the  following  manner.  Let  one 
electrified  perfon,  Handing  on  an  infulated  Hool 
hold  the  Ipirits.  Let  another  perfon  Handing 
alfo  on  an  infulated  Hool,  hold  in  his  hand  an 
iron  poker,  one  end  of  which  is  made  red  hot, 
he  may  then  apply  the  hot  end  to  the  fpirits, 
and  even  immerge  it  in  them  without  firing  them. 
But  if  he  put  one  foot  on  the  floor  he  may  fet 
the  fpirits  on  fire  with  either  end. 
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EXPERIMENT  LXVII. 

The  fpirits  cannot  be  kindled  by  the  infulated 
perfon,  becaufe  as  the  electric  cannot  efcape 
through  him  to  the  earth,  he  is  incapable  of 
drawing  a fpark  fufficiently  ftrong  to  inflame 
them,  and  hot  iron  will  feldom  or  ever  fet  fpi- 
rits on  fire. 

If  oil  of  turpentine  is  fet  on  fire  in  a vefiel 
which  is  placed  on  the  conductor,  and  the  frnoke 
is  received  on  a plate,  held  by  a perfon  Handing 
on  an  infulated  ftool,  he  will  be  electrified  there- 
by, and  enabled  to  fire  fpirits  of  wine,  &c.  If 
the  infulated  perfon  holds  a brafs  wire  at  the 
top  of  the  flame  of  burning  fpirits  of  wine  which 
is  connected  with  the  conductor,  he  will  alfo  be- 
come electrified.  Hence  we  find  that  either 
frnoke  or  flame  conducts  the  electrical  fluid. 

Mr.  Volta  has  fucceeded  in  obtaining  un- 
doubted figns  of  electricity  from  the  Ample  eva- 
poration of  water,  and  from  various  chemical 
efFervefcences. 

experiment  lxviii. 

Infulate  a fmall  crucible,  containing  three  or 
four  lighted  coals,  throw  a fpoonful  of  water  on 
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the  coals,  and  in  a fhort  fpace  of  time,  an  eleftro- 
meter,  which  communicates  with  the  coals  by 
means  of  a wire,  will  diverge  with  negative 
electricity. 

From  hence  it  would  feem,  that  the  vapour 
of  water,  and,  in  general,  thofe  parts  of  a body 
that  are  feparated  by  volatilization,  carry  away 
an  additional  quantity  of  eledtric  fluid,  as  well 
as  of  elementary  heat ; and  that  the  body,  from 
which  thofe  volatile  parts  have  been  feparated, 
remains  both  cooled  and  ele£trified  negatively; 
and,  that  thofe  which  are  refolved  into  a volatile 
elaftic  fluid,  have  their  capacity  for  holding 
common  fire,  and  the  ele£trie  fluid  augmen 
ted. 

OF  INFLAMMABLE  AIR  AND  THE  PISTOL  FOR  IN- 
FLAMMABLE AIR. 

A fpecies  of  air  which  is  inflammable  is  fre- 
quently generated  in  coal  mines : the  air  alfo 
emitted  by  flirring  the  mud  of  fome  {landing 
waters,  has  been  found  to  be  inflammable.  Pu- 
trefcent  animal  matter  alfo  emits  this  fluid.  It 
may  be  obtained  by  diftillation  from  wax,  pitch, 
amber,  coals,  and  other  phlogiftic  fubftances. 
The  following  is  the  moft  convenient  method  of 
procuring  it : put  fome  fmall  nails  or  iron 
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filings  into  the  bottle  r,  fig.  38.  cover  thefe 
with  water,  then  add  to  this  a little  oil  of  vitriol, 
about  one  quarter  of  the  quantity  there  is  of  wa- 
ter, put  the  ground  end  of  the  bent  tube  into 
the  mouth  of  the  bottle,  and  pafs  the  other  end 
through  the  water  of  the  bafon  T into  the  neck 
of  the  bottle  K,  which  is  filled  with  water,  and 
inverted  in  the  bafon,  the  bottle  K muft  be  fup- 
ported  during  the  operation:  in  a little  time  the 
mixture  will  effervefce,  and  emit  a fluid  which 
will  pafs  through  the  bent  tube,  go  into  the 
bottle  K,  and  at  laft  fill  it  totally,  expelling  the 
water  i the  bottle  is  then  to  be  removed,  and 
corked  as  expeditioufly  as  poflible. 

Fig.  39.  reprefents  a brafs  piftol  for  inflam- 
mable air ; a b is  a chamber  of  brafs,  to  the 
mouth  a c of  which  a cork  is  fitted,  a perforated 
piece  of  brafs  g fcrews  on  to  the  bottom  of  this 
chamber,  (this  piece  is  reprefented  by  itfelf  in 
fig.  40)  a glafs  tube  f is  cemented  into  the  per- 
foration of  this  piece,  and  a brafs  wire  is  alfo 
cemented  into  the  glafs  tube ; one  end  of  this 
wire  is  furnifhed  with  a ball,  the  other  extremity 
is  bent,  fo  as  to  c6me  within  about  a tenth  of 
an  inch  of  the  brafs  piece.  Fig.  41  is  a brafs 
cap,  which  fcrews  on  the  pifcol,  to  preferve  the 
glafs  tube  from  any  accident.  The  air  with 
which  the  pifbol  is  to  be  charged  fhould  be 
kept  in  a corked  bottle : take  out  the  cork,  and 

apply 


<)6  AN  ESSAY  ON 

apply  in  the  fame  inftant  the  mouth  of  the  pif- 
tol  to  the  opening  of  the  bottle,  and  the  com- 
mon and  inflammble  air  will  mix  together,  be- 
caufe  the  former  being  heavier  than  the  latter 
will  naturally  defcend ; keep  the  piftoi  in  this 
fituation  about  15  feconds,  then  remove  it,  and 
cork  both  the  bottle  and  piftoi  with  the  utmoft 
expedition. 

If  the  piftoi  is  held  too  long  over  the  bottle, 
and  is  intirely  filled  with  inflammable  air;  it 
will  not  explode. 

DESCRIPTION  OF  ANOTHER  APPARATUS  FOR 

MAKING  INFLAMMABLE  AIR,  AND  FILLING 

THE  AIR  PISTOL,  &C. 

This  apparatus  confifts  of  the  following  articles. 

1.  A glafs  funnel. 

2.  A fmall  glafs  tumbler. 

3.  A bladder  tied  to  a flop  cock. 

4.  A brafs  pipe  palling  through  a cork ; 
which  cork  is  made  tapering,  to  fit  the  neck 
of  a common  wine  bottle : the  upper  part  of 
the  pipe  has  a male  fcrew,  to  fit  the  fcrew  on 
the  lower  end  of  the  ftop  cock. 

5.  An  air  piftoi,  furnilhed  with  a valve  at 
the  end  b fig.  39.  the  wire  palling  through  a 
glafs  tube,  and  to  which  the  fpark  is  to  be  given. 
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is  fitted  into  the  fide  of  the  piftol.  At  the 
end  b of  the  piftol  is  a male  fcrew  which  fits 
the  lower  end  of  the  ftop  cock. 

6.  A box  with  iron  filings. 

7.  A fmall  meafure  which  will  hold  the 
proper  quantity  of  iron  filings. 

8 . A brafs  tube  and  hollow  flyer  ; the  lower 
end  of  the  brafs  tube  fits  the  ftop  cock. 

Soak  the  bladder  in  water  which  is  lukewarm, 
in  order  to  foften  it ; and  then  render  it  pliable,  . 
by  blowing  air  into  it  and  fqueezing  it  out  again. 
After  this  fcrew  the  conical  pipe  with  the  cork 
into  the  lower  end  of  the  ftop  cock,  and  it  is 
ready  for  ufe.  Then  take  a common  quart 
wine  bottle,  and  put  into  it  a little  hot  water, 
to  warm  it.  Pour  as  much  oil  of  vitriol  into 
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the  tumbler,  as  will  about  half  fill  it,  and  mix 
this  in  another  tumbler  with  about  three  times 
the  quantity  of  cold  water.  Throw  the  warm 
water  out  of  the  bottle,  and  put  a meafure  of 
iron  filings  into  it,  then  pour  the  diluted  vi- 
triol through  the  glafs  funnel  upon  the  iron  fil- 
ings. As  foon  as  the  effervefcence  begins,  put 
the  cork  with  its  pipe  into  the  neck  of  the 
bottle,  and  the  inflammable  air  which  is  gene- 
rated by  the  mixture,  will  enter  into  and  gra- 
dually fwell  the  bladder.  When  this  is  full, 
fhut  the  ftop  cock,  and  remove  the  bladder 
from  the  bottle. 
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The  bladder  being  thus  filled,  fcrew  the 
bottom  of  the  piftol  upon  the  flop  cock  : com- 
prefs  the  bladder,  and  introduce  by  this  means, 
about  as  much  inflammable  air,  as  you  judge 
will  fill  one  third  of  its  capacity,  and  put  the 
cork  immediately  into  the  muzzle  of  the  pif- 
tol.  To  form  a circle  of  fire  with  inflammable  • 
air,  fill  the  bladder  as  before,  unfcrew  the  co- 
nical tube  from  the  flop  cock,  and  fcrew  the 
brafs  fly  in  its  place,  open  the  cock,  and  com- 
prefs  the  bladder ; the  air  will  pafs  through  the 
fly,  and  fet  it  in  motion ; light  the  air  at  the 
end  of  the  pipe,  and  a beautiful  circle  of  fire 
will  be  formed  by  the  motion  of  the  bent  tube, 
and  the  fired  air  which  iffues  from  its  points. 
The  piftol  is  fired  as  in  experiment  lxix. 

If  too  great  a quantity  of  inflammable  air 
is  introduced  into  the  piltol,  it  will  not  explode  ; 
to  remedy  this,  blow  ftrongly  into  the  muzzle  of 
the  piftol,  this  will  force  out  a quantity  of  the 
inflammable  air,  and  occafion  a quantity  of 
common  air  to  enter  the  piftol ; which  will  then 
readily  explode. 

The  bottle  fhould  be  taken  into  the  open  air 
and  be  well  waftied  as  foon  as  the  bladder  is 
filled. 
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EXPERIMENT  LXIX. 

Bring  the  ball  of  the  piftol,  which  is  charged 
with  inflammable  air>  near  the  prime  conductor, 
or  the  knob  of  a charged  bottle,  the  fpark 
which  paflfes  between  the  end  of  the  wire  f 
and  the  piece  g,  fig.  40,  will  fire  the  in- 
flammable air,  and  drive  the  cork  to  a con- 
fiderable  diftance.  This  air,  like  all  other* 
requires  the  prefence  either  of  pure  air,  or 
the  nitrous  acid,  to  enable  it  to  burn  -3  but,  if 
it  is  mixed  with  a certain  quantity  of  common 
air,  an  explofion  will  take  place  in  pafling  the 
dedtric  fpark  through  it. 

Mr.  Cavallo  recommends  a piftol  made  in 
the  following  manner,  to  thofe  who  wifh  to 
make  experiments  on  the  explofion  of  inflam- 
mable and  dephlogifticated  air,  or  with  known 
quantities  of  common  and  inflammable  air. 
It  confifts  of  a brafs  tube,  about  one  inch  in 
diameter  and  fix  inches  long,  to  one  extremity 
of  which  a perforated  piece  of  wood  is  fecurely 
fitted ; a brafs  wire,  about  four  inches  long, 
is  covered,  except  its  ends,  firft  with  fealing 
wax,  then  with  fllk,  and  afterwards  with  feal- 
ing wax  again.  This  wire  is  to  be  cemented 
in  the  perforation  of  the  wooden  piece,  fo  as  to 

H 2 pro- 


<• 


100  AN  ESSAY  ON 

project  about  two  inches  within  the  tube,  the 
reft  is  on  the  outfide;  that  part  of  the  wire 
which  is  within,  is  bent  fo  as  to  be  only  about 
one  tenth  of  an  inch  from  the  infide  of  the 
brafs  tube.  * 

To  ufe  this  piftol ; fill  it  with,  and  then  in- 
vert it  into  a bafon  of  water  $ make  the  re- 
quired quantity  of  inflammable  and  common 
air  in  another  veflfel,  by  putting  in  known  and 
proportionable  meafures  of  each  ; introduce 
this  mixture  into  the  piftol,  and  then  flop  it 
with  a cork,  take  the  piftol  out  of  the  water, 
and  pafs  in  the  ufual  manner  the  fpark  of  a 
charged  jar  through  it,  and  the  inflammable 
air  will  be  fired. 

The  inftruments  for  firing  the  inflammable 
air  with  the  eledtric  fpark,  are  often  made  in 
the  lhape  of  a cannon. 


* Cavallo  on  Air,  p-  8x8. 
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CHAP.  VI. 

OF  ELECTRIFIED  POINTS. 

experiment  LXX. 

PRESENT  the  pointed  end  of  a wire  to- 
wards a conductor  which  is  pofitively 
electrified,  a lucid  globular  point  or  ftar  will 
appear  on  the  point,  and  the  eleCtric  fluid  will 
be  evidently  conveyed  away  and  difiipated  from 
the  conductor. 

EXPERIMENT  LXXI. 

Prefent  a pointed  wire  towards  a conductor 
that  is  electrified  negatively ; a lucid  cone  or 
brufh  will  be  feen  diverging  from  the  point,  and 
the  quantity  of  fire  will  be  increafed. 

experiment  lxxii. 

The  lucid  ftar  is  feen  on  the  collecting 
points  of  a pofitive  conductor,  while  a diverging 
cone  will  appear  on  a point  placed  at  the  end  of 
the  conductor. 

To  determine  the  direction  of  the  elcCtric 
fluid,  has  ever  been  an  objeCt  of  confiderable 
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importance  to  the  electrician;  as  it  would  e* 
nable  him  to  decide  on  the  truth  of  thofe  theo- 
ries, which  have  been  invented  to  account  for 
its  phenomena,  and  greatly  affift  him  in  the 
progrefs  of  future  difcovery  : To  this  end  much 
Arefs  has  been  laid  on  the  different  appearance 
of  the  light,  which  is  perceived  on  the  pointed 
ends  of  electrified  conducting  fubftances  ; as 
thefehave  been  fuppofed  to  elucidate  fully  this 
interefling  queflion, 

The  eleCtic  fluid  appears  as  a diverging 
ftream  darting  forwards  into  the  air,  from  a 
point  eleCtrified  pofitively.  The  luminous 
appearance  on  a point  negatively  eleCtrified, 
is  that  of  a fmall  little  globule  or  flar. 

Now,  as  the  air  is  known  to  refill  the  motion 
of  the  eleCtric  fluid,  the  rays  of  it  would  by  this 
refiftance  be  made  to  diverge;  therefore,  when 
this  fluid  is  darting  from  a point  into  the  air, 
it  will  aflqme  the  form  of  a lucid  cone  or  brufh, 
which  is  agreeable  to  experiments  lxxi  and 
and  lxxii. 

To  this  it  has  been  objected,  thatthefe  rays 
may  poflibly  be  converging  from  fo  many 
points  in  the  air  towards  the  point,  and  not  di- 
verging from  it;  but,  as  there  does  not  appear 
any  reafon  why  a vifible  ray  fhould  break  out 
from  one  place  in  the  atmofphere  more  than  a- 

ther. 
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iher,  the  former  account  feems  more  conform- 
able to  nature,  and  the  known  laws  of  other 
fluids.  The  air  relifts  the  motion  of  the  elec- 
tric fluid  equally.  Therefore,  when  this  fluid 
is  coming  from  the  air  towards  a pointed  con- 
ductor, it  would  percolate  flowly  and  invift- 
bly  through  the  air,  but  equally  on  all  lides, 
till  it  comes  fo  near  as  to  be  able  to  break 
through  the  intermediate  fpace;  but  as  this 
will  be  equal  or  nearly  fo  all  around,  the  ne- 
gative eleCtricity  muft  appear  like  a fteady  lu- 
minous globule  on  the  point  *.  Notwithftand- 
ing  the  apparent  probability  of  the  above  rea- 
foning,  it  may  ftill  be  objected,  that  no  deci- 
five  conclulion  can  be  drawn  from  thefe  ap- 
pearances, as  they  may  be  varied  by  augment- 
ing or  diminilhing  the  volume  of  the  point- 
ed body,  and  by  a variety  of  other  circum* 
ftances. 

EXPERIMENT  LXXIII. 

» A lucid  cone  appears  on  the  collector  of  a 
negative  conductor,  and  a lucid  ftar  on  a point 
placed  at  the  opoflte  end  of  the  conductor.  • 

* Encyclopedia  Britanica,  2699. 
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EXPERIMENT  LXXIV. 

Bring  an  excited  glafs  tube  near  a point  that 
is  fixed  at  the  end  of  a pofitively  cleCtrified 
conductor,  and  the  luminous  brufh  will  be 
turned  out  of  its  direction  by  the  aCtion  of  the 
excited  tube;  if  the  tube  is  held  direCtly  op- 
pofite  to  the  point,  the  brufh  will  vanifh. 

EXPERIMENT  LXXV. 

Fix  the  point  to  the  end  of  the  negative  con- 
ductor, the  lucid  ftar  will  turn  towards  the  ex- 
cited tube. 

Thefe  two  experiments  coincide  with  and 
confirm  experiments  lxx,  lxxi,  lxxii,  lxxiii, 
and  lead  to  the  fame  conclufion,  viz.  that  the 
brufh  is  a fign  of  pofitive,  and  the  ftar  an  indi- 
cation of  negative,  eleCtricity,  which  is  ftill  fur- 
ther confirmed  by  the  following  experiment. 

EXPERIMENT  LXXVI. 

Put  a wire,  which  has  a ball  at  one  end,  in- 
to the  hole  at  the  end  of  a pofitive  conductor, 
place  a lighted  candle  fo  that  the  middle  of 
the  flame  may  be  even  with  the  middle  of  the 
ball,  and  about  an  inch  from  it ; turn  the  ma- 
chine, 
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chine,  and  place  the  fame  wire  at  the  end  of 
the  negative  conductor,  the  appearance  will 
be  reverfed,  and  the  knob  will  foon  be  heated 
by  the  flame  of  the  candle  which  is  carried  to- 
wards it. 

EXPERIMENT  LXXVII. 

Fix  a pointed  wire  in  the  hole  on  the  upper 
fide  of  the  conductor,  then  place  the  center  of 
the  brafs  crofs  K,  fig.  34,  upon  the  point,  the 
ends  of  which  crofs  are  all  bent  one  way  ; elec- 
trify the  conductor,  and  the  crofs  will  turn 
upon  its  center  with  great  rapidity.  If  the 
room  be  darkened,  a circle  of  light  will  be 
formed  by  the  eledtric  fluid  on  the  points  of 
the  wires.  The  re-adtion  of  the  air  on  the  di- 
verging cone  of  eledtric  matter  gives  the  re- 
trogade  motion  to  the  points  of  the  wire. 

The  fly  turns  round  in  the  fame  diredtion, 
whether  it  is  electrified  negatively  or  pofitive- 
ly ; though  it  will  not  move  in  vacuo,  unlefs 
the  finger,  or  fome  other  conductor,  is  applied 
to  the  glafs  receiver  oppofite  to  one  of  the 
points,  it  will  then  begin  to  move,  and  conti- 
nue to  do  fo  brifkly  till  the  glafs  is  charged. 
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EXPERIMENT  LXXVIII. 

EleCtrify  the  two  infulated  wires  MN,  oP, 
%•  35>  and  the  refiftance  of  the  air  againft  the 
eleCtric  ftream,  from  the  point  of  the  fly  L, 
(the  axis  of  which  rolls  on  the  wires)  will  force 
the  fly  up  the  declivity  of  the  inclined  plane 
MN,  oP. 

i 

experiment  lxxix. 

Fig.  36  reprefents  a fmall  crane,  which  will 
move  from  the  fame  caufe  as  the  foregoing, 
and  raife  a fmall  weight* 

experiment  lxxx. 

Several  flyers  may  be  made  to  turn  at  the 
fame  time,  fee  fig.  37,  and  many  other  pleafing 
experiments  may  be  contrived  on  the  fame 
principle;  or,  the  flyers  may  be  placed  one  a- 
bove  another,  diminifhing  gradually  in  fize, 
and  forming  when  electrified  a luminous  cone, 
the  circles  of  light  will  be  more  brilliant,  if 
the  ends  of  the  wires  are  covered  with  a thin 
coating  of  greafe,  fealing  wax,  or  fulphur. 
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experiment  lxxxi. 

Immerge  a metallic  point  in  a metal  veflel 
nearly  filled  with  oil  of  vitriol,  and  placed  on 
an  electrified  conductor,  fcarce  any  fpark  will 
pafs  to  the  point,  although  it  is  held  very  near 
the  bottom  of  the  vefiTel  : If  this  is  filled  with 
eflential  oil  of  turpentine,  a fmall  light  may 
be  feen  from  time  to  time  in  the  body  of  the 
fluid.  If  common  oil  is  ufed,  the  point  will 
take  ftrong  lparks,  and  the  eleCtric  fluid  in  en- 
deavouring to  reach  it,  will  occafion  an  ebulli- 
tion in  the  oil. 

So  that  the  eleCtric  fpark  depends  in  a great 
meafure  on  the  conducting  power  of  the  me- 
dium through  which  it  pafifes. 

If  fmall  boats  or  little  fwans,  &c.  are  made 
of  cork  or  light  wood,  they  may  be  attracted, 
and  made  to  fwim  in  any  direction,  by  apply- 
ing a finger  toward  them  ; a fine  needle  ftuck 
into  the  end  of  the  boats,  in  the  manner  of  a 
bowfprit,  will  caufe  them  to  be  repelled  from 
the  hand  held  over  it,  and  they  may  be  fleer- 
ed by  it,  ftern  foremoft,  to  what  point  of  the 
compafs  you  pleafe.  The  boats  might  have 
the  addition  of  fails  to  them,  and  might  then  be 
made  to  move  brifkly  before  an  eleCfrical  gale, 
from  the  point  of  a wire  held  in  the  hand. 


The 
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The  operator  in  thefe  tricks,  would  cer- 
tainly be  looked  upon  as  a magician,  if  the 
electrical  machine  is  kept  out  of  fight.  But  a 
more  ftriking  fight,  would  be  a number  of  thefe 
boats,  with  each  of  them  a twirling  fly,  about 
an  inch  in  length,  fixt  to  the  top  of  the  mail ; 
the  hand  held  over  them,  would  fet  them  all  in 
motion  : in  the  dark,  they  would  appear  as  fo 
many  rings  of  fire,  moving  in  various  courfes, 
and  following  the  hand  in  any  direction. 

When  a few  young  perfons  have  nothing  elfe 
to  do,  they  might  very  innocently  amufe  them- 
felves,  by  making  a reprefentation  of  a kind  of 
fea  engagement  between  thefe  boats.  Suppofing 
each  of  them  large  enough  to  hold  a fmall 
coated  phial  without  finking,  thefe  phials  may 
be  charged,  fome  of  them  pofitively  on  the  in- 
fide,  others  negatively,  they  may  then  be  placed 
at  the  bow  of  the  boat,  with  the  wire  ball  and 
uncoated  part  of  the  phial  projecting  over ; a 
fmall  brafs  chain  fhould  be  made  to  touch  the 
• outward  coating  of  the  phial,  and  the  other  end 
brought  over  the  ftern  of  the  boat,  and  hang  fo 
as  to  touch  the  water.  The  boats  being  then  put 
into  a trough  of  water,  and  pretty  highly  charg- 
ed, they  will  foon  be  in  motion  ; thofe  that  are 
electrified  alike,  will  repel  each  other;  and 
thofe  poffeffed  of  a contrary  electricity,  will  be 

attracted ; 
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attra&ed;  till  the  balls  of  the  two  phials  ap- 
proach pretty  near  together ; they  will  then  dif- 
charge  their  contents  with  a loud  explofion,  and 
the  boats  will  afterwards  flieer  from  each  other.* 
When  the  eledtric  fluid  percolates  a wooden 
point,  the  ftream  or  cone  which  iflues  from  it, 
feems  diluted,  and  fomething  fimilar  to  the 
purple  eledtric  light,  which  is  obtained  in  vacuo. 
The  adtion  of  the  eledtric  fluid  on  the  air,  by  an 
eledtrified  point,  produces  a fenflble  aura,  or 
wind,  of  fufficent  force,  as  is  feen  above,  to  put 
light  bodies  in  motion,  or  difturb  the  flame  of 
a candle,  and  occafion  an  undulation  in  the 
fluids : the  adtion  of  the  fluid  is  fo  modified  by- 
points,  as  to  produce  an  agreeable  fenfation, 
refembling  a gentle  breathing : this  fenfation 
may  be  rendered  more  or  lefs  ftimulating,  by  the 
refiftance  the  fluid  meets  with  in  its  adtion  on 
our  bodies,  an  effedt  which  is  produdtive  of  great 
advantages  in  medical  eledtricity. 


* Becket’s  EiTay  oa  Electricity,  p.  36. 
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CHAP.  VII. 

OF  THE  LEYDEN  PHIAL. 

experiments  upon  the  Leyden  phial 
JL  are  fome  of  the  moft  interefting  in  elec- 
tricity; they  excited  the  attention  of  the  philo- 
fopher  to  this  fubjeCt  more  than  any  other  ex- 
periment, and  are  ftill  viewed  with  wonder  and 
furprize. 

The  phoenomena  attending  this  very  extra- 
ordinary experiment  feemed  totally  inexplica- 
ble, till  they  were  elucidated  by  the  ingenious 
theory  of  Dr.  Franklin;  which,  in  a plain  and 
clear  manner,  accounts  for  moft  of  the  difficul- 
ties which  attend  this  intricate  branch  of  elec- 
tricity; and  accomodates  itfelf  fo  eafily  and 
fatisfaCtorily  to  a variety  of  appearances,  as 
to  make  us  almoft  lofe  fight  of  the  objections 
againft  it. 

experiment  lxxxii. 

Place  the  brafs  ball  of  a coated  jar  in  contaCt 
with  the  prime  conductor  while  the  outfide 
communicates  with  the  table,  turn  the  cylin- 
der, and  the  bottle  will  in  a little  time  be 

charged 
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charged,  or  modify  the  eleCtric  fluid  in  a pecu- 
liar manner.  To  difcharge  the  jar,  or  reftore 
it  to  its  natural  ftate,  bring  one  end  of  a con- 
ducting fubftance  in  contaCt  with  the  outfide 
coating,  and  let  the  other  be  brought  near  the 
knob  of  the  jar  which  communicates  with  the 
infide  coating,  a ftrong  explofio'n  will  take 
place,  the  eleCtric  light  will  be  viflble,  and 
the  report  very  loud. 

EXPERIMENT  LXXXIII. 

Charge  the  Leyden  bottle,  then  touch  the 
outfide  coating  with  one  hand,  and  the  knob 
with  the  other,  the  bottle  will  be  difcharged, 
and  a fudden  peculiar  fenfation  will  be  per- 
ceived, that  is  called  the  eleCtric  fliock.  The 
fliock,  when  it  is  taken  in  this  manner,  gene- 
rally affeCts  the  wrifts,  elbows,  and  breaft: 
when  the  fliock  is  ftrong,  it  refembles  an  uni- 
verfal  blow.  This  peculiar  fenfation  is  proba- 
bly owing  to  the  two-fold  and  inftantaneous 
aCtion  of  the  eleCtric  fluid,  which  enters  and 
goes  out  of  the  body  and  the  various  parts 
through  which  it  paflfes  at  one  and  the  fame 
inftant.  It  has  been  alfo  obferved,  that  nature 
has  appointed  a certain  modification  of  the 
eleCtric  fluid  in  all  terreftrial  bodies,  which  we 
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violate  in  our  experiments;  when  this  violation 
is  fmall,  the  powers  of  nature  operate  in  a gene* 
tie  manner  to  reftore  the  diforder  we  have  in- 
troduced; but,  when  the  deviation  is  confi- 
derable,  the  natural  powers  reftore  the  original 
conftitution  with  extreme  violence. 

If  feveral  perfons  join  hands,  and  the  firfl 
touches  the  outfide  of  a charged  jar,  and  the 
laft  the  knob,  the  bottle  will  be  difcharged, 
and  they  will  all  feel  the  Ihock  at  the  fame  in- 
ftant;  but  the  greater  the  number  of  perfons 
that  join  hands  to  take  a Ihock,  the  weaker 
it  is. 

The  force  of  the  fhock  is  in  proportion  to 
the  quantity  of  coated  furfaces,  the  thinnefs  of 
the  glafs,  and  the  power  of  the  machine;  or, 
the  effect  of  the  Leyden  phial  is  increafed,  in 
proportion  as  we  deftroy  the  equilibrium  on 
the  furfaces. 

A given  quantity  of  electricity,  impelled 
through  our  body  with  a given  force,  pro- 
duces a weaker  fenfation,  than  twice  that 
quantity  impelled  with  half  that  force,  and 
confequently  the  ftrength  of  the  fhock  de- 
pends rather  more  on  the  quantity  of  fluid, 
which  paflfes  through  our  body  than  on  the 
force  with  which  it  is  impelled — Yet,  the 
force  of  an  explofion  feems  to  depend  more  on 
the  degree  to  which  the  fluid  is  comprelfed, 

thgo 


, ELECTRICITY.  113 

than  on  the  quantity;  hence  a fmall  phial  fully 
charged  will  act  nearly  as  ilrong  as  a larger 
jar  which  is  half  charged. 

If  a charged  jar  is  coated  very  high,  it  will 
difcharge  itfelf  before  it  has  received  near  the 
charge  it  would  take  if  the  coating  was  lower. 
If  it  is  coated  very  low,  this  part  of  the  furface 
may  be  charged  very  high,  but  a confiderable 
part  of  the  glafs  is  not  charged  at  all. 

When  a jar  is  charged  very  high,  it  will 
often  explode  or  difcharge  itfelf  over  the  glafs 
from  one  coated  furface  to  the  other;  or,  if 
the  glafs  is  thin,  it  will  make  a hole  through 
it,  and  fwell  the  coating  on  both  fides, 
the  glafs  in  the  hole  will  be  pulverized,  and 
very  often  a variety  of  fiflures  will  proceed 
from  it  in  various  directions. 

. A Leyden  jar  very  often  recovers  its  elec- 
tricity, in  a fmall  degree,  after  a difcharge  has 
been  made;  this  fecond  explofion  is  called 
the  refiduum  of  a charge. 

The  form  or  fize  of  the  glafs  is  no  ways  ma- 
terial to  the  receiving  of  a charge. 

To  avoid  receiving  the  eleCtric  fhock,  be 
careful  never  to  touch  the  top  and  bottom  of 
the  jar  at  the  fame  time,  and  never  to  enter  a 
circuit  formed  between  the  infide  and  outfide 
of  a jar;  for  the  effed:  of  the  Leyden  phial 
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depends  entirely  on  the  reciprocal  adlion  of 
the  two  furfaccs,  and  does  not  take  place, 
when  either  is  touched  feparately.  By  attend- 
ing to  this  obfervation,  jars  of  any  fize  may  be 
handled  with  fafety.  Indeed,  the  human  frame 
makes  fo  little  refiftance  to  the  free  paflage  of 
this  fubtle  agent,  that  no  other  inconvenience 
will  attend  a fhock  from  a common-fized 
charged  jar,  than  a tranfient  difagreeable  fenfa- 
tion. 

Touch  the  knob  of  a charged  jar,  no  fhock 
will  enfue ; but  the  finger,  or  part  that  touches 
the  bail  of  the  jar,  will  be  affected  with  a fharp 
fenfation,  as  if  it  had  been  pricked  with  a needle. 
The  difeharge  is  filent  and  without  an  explofion. 
When  the  communication  between  the  two  fides 
of  the  jar,  is  made  by  imperfect  conductors. 

A charged  phial  fet  upon  electric  fubftances, 
may  be  taken  hold  of  without  danger,  either  by 
the  coating  or  the  wire ; a fmall  fpark  only  will 
proceed  from  either. 
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DR.  FRANKLIN^  THEORY  OF  THE  LEYDEN 

BOTTLE. 

X 

Glafs  is  fuppofed  to  contain  at  all  times,  on 
its  two  furfaces,  a large  quantity  of  the  eledtric 
fluid,  which  is  fo  dilpofed,  that  if  you  increafe 
the  quantity  on  one  fide,  the  other  mull  throw 
off  an  equal  proportion ; or,  when  one  fide  is 
pofitive,  the  other  muft  be  negative.  Now,  as 
no  more  of  the  eledtric  fluid  can  be  forced  on 
one  fide,  than  can  go  off  on  the  other,  there  is 
no  more  in  the  bottle,  after  it  is  charged,  than 
was  there  before;  the  quantity  is  neither  in-, 
creafed  or  leffened  on  the  whole,  though  a change 
may  be  made  in  its  place  and  fituation ; i.  e.  we 
may  throw  an  additional  quantity  on  one  of  its 
fides,  if,  at  the  fame  time,  an  equal  quantity 
can  efcape  from  the  other,  and  not  otherwife. 
That  this  change  is  effedted  by  lining  parts  of 
its  two  furfaces  with  a non-eledtric ; through  the 
mediation  of  which,  we  are  enabled  to  convey 
the  eledtric  fire  to  every  phyfical  point  of  the 
furface  we  propofe  to  charge,  where  it  exerts  its 
adtivity  in  repelling  the  eledtric  particles  natu- 
rally belonging  to  the  other  fide  ; all  of  which 
have  an  opportunity  of  efcaping  by  the  lining 
in  contadt  with  this  furface,  which,  for  that 
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purpofe,  mull  communicate  with  the  earth  i 
when  the  whole  quantity  belonging  to  this  fur- 
face  has  been  difcharged,  in  confequence  of  an 
equal'  quantity  thrown  upon  the  other  furface, 
the  bottle  is  charged  as  much  as  it  can  poflibly 
be.  The  two  furfaces  are  at  this  time  in  a ftate  of 
violence  ; the  inner,  or  pofitive  fide,  ftrongly 
difpofed  to  part  with  its  additional  fire;  and  the 
outer,  or  negative  fide,  equally  defirous  to  at- 
tra<ft  what  it  has  loft  ; but  neither  of  them  ca- 
pable of  having  a change  in  its  ftate  effected, 
without  the  equal  and  cotemporary  participation 
of  the  other.  That  notwithftanding  the  vicinity 
of  thefe  two  furfaces,  and  the  ftrong  difpofition 
of  the  elecftric  fluid  contained  in  one  of  them, 
to  comunnicate  its  fuperabunaance  to  the  other, 
and  of  that  to  receive  it,  yet  there  is  an  impene- 
trable barrier  between  them ; for  fo  impermeable 
is  glafs  to  the  elecftric  fluid,  (though  it  permits 
one  fide  of  it  to  a<5t  upon  the  other,)  that  its  two 
furfaces  remain  in  this  ftate  of  contrariety,  till  a 
communication  is  formed  between  them,  ab  extra, 
by  a proper  conductor,  when  the  equilibrium  is 
fuddenly  and  violently  reftored,  and  the  electric 
fluid  recovers  its  original  ftate  of  equality  on  the 
two  fides  of  the  glafs. 
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THE  LEYEDN  PHIAL  CONSIDERED  IN  A DIF- 
FERENT POINT  OF  VIEW. 

We  have  already  lhewn,  that  whenever  a 
quantity  of  the  eledtric  fluid  is  brought  within  a 
certain  diftance  of  the  furface  of  any  body, 
(whether  metal,  wood,  or  glafs,)  it  will  always 
produce  on  that  body  a contrary  electricity  ; and 
this  more  readily,  and  permanently,  when 
the  body  has  a communication  with  the  earth. 

The  equilibrium  will  not  be  reftored  fo  long 
as  the  power  continues  of  the  fame  force,  and 
acting  at  the  fame  diftance ; but  the  nearer  this 
power  is  brought  to  the  furface,  the  greater  is 
the  effedt  it  will  produce.  It  has  alfo  been 
fhewn,  that  the  eledtric  fluid  will  communicate 
thefe  powers  through  glafs,  nearly  as  well  as 
through  air. 

Now  as  glafs  relifts  the  paffage  of  the  fluid 
more  than  wood  or  metal,  the  fluid  will  be 
longer  in  pafling  through  a given  length  of 
glafs,  than  through  the  fame  length  of  wood  or 
metal. 

But  by  means  of  the  metallic  coating  on  one 
fide  of  the  glafs,  the  eledtric  fluid  is  placed  in 
the  moft  advantageous  fituation  for  producing  a 
ftrong  and  uniform  adtion  on  the  contrary  fide, 
on  which  the  refiftance  is  leffened  with  as  great 
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advantages  by  the  other  metallic  coating,  which 
is  connected  with  the  earth,  and  this  contrariety 
will  continue  till  the  equilibrium  is  reftored  by 
connecting  the  oppofite  fide  with  a conductor. 

When  an  electric  is  excited,  the  two  powers 
arefaid  to  be  feparated  : they  are  alfo  known  to 
repel  their  own  particles,  and  attraCt  the  contra  - 
ry.  When  one  fide  of  ajar  is  made  pofitive, 
may  it  not  repel  the  pofitive  eleCtricity  from  the 
other  fide,  feparating  it  from  the  negative,  which 
is  ftrongly  attracted  through  the  glafs  ? 

Theoutfide  of  the  jar  cannot  then  be  faid  to 
be  deprived  of  its  eleCtricity,  but  only  has  its 
fluid  changed  ; and  when  the  fluids  are  fepara- 
ted, they  are  ever  eager  to  conjoin  again.'* 

COMBINED  APPARATUS. 

The  apparatus  reprefented  fig.  49,  will  be 
found  exceedingly  convenient  for  making  a va- 
riety of  experiments  on  the  Leyden  phial.  I 
have  endeavoured  to  combine  the  parts  of  it  in 
fuch  manner,  as  to  render  the  apparatus  exten- 
fively  ufeful,  without  being  complicated.  A is 
an  infulated  pillar  of  glafs,  which  is  fcrewed  to 

the 

\ 

* See  Eeles’s  Philofophical  ElTays ; Wi lfon’s  Short  View 
of  Electricity  ; and  Milner’s  Obfervations  on  EleCtricity, 


ELECTRICITY. 

the  wooden  foot  B : all  the  different  parts  of  the 
apparatus  may  be  fcrewed  alternately  on  this 
pillar.  C is  an  exhaufted  tube  of  glafs,  furnifh- 
ed  at  each  end  with  brafs  caps  : at  the  end  D is 
a valve,  properly  fecured  under  the  brafs  plate ; 
a brafs  wire,  with  a ball,  projects  from  the  up- 
per cap  ; a pointed  wire  proceeds  from  the  bot- 
tom plate  ; this  tube  is  called  the  luminous  con- 
dudtor.  The  flafk,  reprelented  at  E,  is  called 
the  Leyden  vacuum.  It  is  furnifhed  with  a valve 
under  the  ball  E ; this  ball  unfcrews,  in  order 
to  come  more  readily  at  the  valve : a wire,  with 
a blunt  end,  projedts  a little  below  the  neck  of 
the  flafk;  the  bottom  of  the  flafk  is  coated  with 
tin-foil ; a female  fcrew  is  cemented  to  the  bot- 
tom, in  order  to  fcrew  it  on  the  pillar  A. 

F is  a fyringe  to  exhaufl  the  air  occafionally, 
eidier  from  the  luminous  conductor,  or  the 
Leyden  vacuum.*  To  do  this,  unfcrew  the 
ball  of  the  Leyden  vacuum,  or  the  plate  of  the 
luminous  conductor,  and  then  fcrew  the  fyringe 
in  the  place  of  either  of  thefe  pieces,  being  care- 
ful that  the  bottom  of  the  female  fcrew  G,  bears 
dole  againftthe  leather  which  covers  thefhoulders 
a b,  cd,  then  work  the  fyringe,  and  in  a few 

minutes 


* We  have  now  hit  upon  a plan  of  rendering'  thefe  glafles 
fo  perfectly  air  tight,  that  the  fyringe  is  fuperlluous. 


120 


AN  ESSAY  ON 


minutes  the  glafles  will  be  fufficiently  exhauftcd. 
H and  I are  two  Leyden  bottles,  each  of  which 
has  a female  fcrew  fitted  to  the  bottom,  in  or- 
der that  they  may  be  conveniently  fcrewed  on 
the  pillar  A.  The  bottle  H is  furnifhed  with  a 
belt,  that  it  may  be  fcrewed  fide  ways  on  the 
pillar  A.  K and  L are  two  fmall  wires,  which 
are  to  fcrew  occafionally  into  either  the  ball  E, 
the  kobs  e or  f,  the  cap  c,  or  the  focket  g,  on 
the  top  of  the  pillar  : the  balls  may  be  unfcrewed 
from  thefe  wires,  which  will  then  exhibit  a blunt 
point.  M is  a wooden  table  to  be  fcrewed  on  the 
glafs  pillar  occafionally. 

EXPERIMENTS  ON  CHARGING  AND  DISCHARG- 
ING THE  LEYDEN  PHIAL,  INTENDED  TO  ELU- 
CIDATE AND  CONFIRM  DR.  FRANKLIN^ 

\ 

THEORY. 

EXPERIMENT  LXXXIV. 

Screw  a Leyden  phial,  whofe  coating  is  free 
from  points,  upon  an  infulated  fiand,  and  place 
it  fo  that  its  knob  may  be  in  contact  with  the 
conductor,  taking  care  that  no  conducting  fub- 
ftance  is  near  the  coating  of  the  jar  : turn  the  cy- 
linder round  a fufficient  number  of  times  to 
charge  the  phial,  then  examine  it  with  a dif- 

charging 
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charging  rod,  and  you  will  find  it  had  received 
no  charge  ; which  fhews  clearly,  that  except  the 
electric  fluid  can  efcape  from  one  fide  of  the  jar, 
it  can  receive  none  on  the  other.  If  there  are 
any  points  on  the  coating,  or  damp  on  the 
ftand,  the  fluid  will  be  carried  off  by  them,  and 
the  jar  will  receive  a fmall  charge.  The  air 
which  furrounds  the  coating,  will  alfo  fometimes 
£arr y off  a fmall  quantity  of  electricity. 

EXPERIMENT  I.XXXV. 

Place  the  fame  infulated  phial  fo  that  its  knob 
may  be  about  half  an  inch  from  the  conductor, 
and  while  the  cylinder  is  turning,  hold  a brafs 

knob  near  the  coating  of  the  jar  ; this  knob  will 

* 

receive  a fpark  from  the  coating  for  every  one 
that  paffes  between  the  conductor  and  the  knob, 
and  the  jar  will  in  a little  time  be  charged,  by 
adding  electricity  to  one  fide,  and  taking  it 
away  from  the  other. 

EXPERIMENT  LXXXVI. 

Screw  the  phial  a,  fig.  42,  on  the  infulated 
pillar  d,  and  bring  its  knob  in  contact  with  the 
conductor  ; hold  another  bottle  c,  of  the  fame 
flze  with  a,  lo  that  its  knob  may  be  in  contact 

with 
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with  the  outflde  coating  of  the  bottle  a ; turn 
the  cylinder,  and  when  the  bottle  a is  charged, 
place  c on  the  table,  then  unfcrew  a from  its 
Hand,  and  place  it  alfo  on  the  table,  but  at 
fome  diftance  from  the  other;  fit  a brafs  ball 
to  the  bottom  Hem  of  the  quadrant  electrome- 
ter, and  hold  the  electrometer  by  a filk  firing, 
fo  that  the  brafs  ball  may  touch  the  knob  of 
the  bottle  ; obferve  at  what  height  the  index 
of  the  electrometer  Hands,  and  then  remove 
it  to  the  other  bottle,  which  will  raife  the  in- 
dex to  the  fame  height ; ihewing  clearly,  that 
the  bottle  has  thrown  off  from  the  outfide  as 
much  eleCtricity  as  it  received  on  the  infide. 

experiment  lxxxvii. 

Place  the  knob  of  an  infulated  bottle  in  con- 
tact with  a pofitive  conductor,  and  conneCt  the 
outer  coating  with  the  cufhion,  or  a negative 
conductor,  turn  the  cylinder,  and  the  bottle 
will  be  charged  with  its  own  eleCtricity  ; the 
fluid  from  the  exterior  coating  being  tranf- 
ferred  to  the  interior  one ; the  bottle  is  charg- 
ed in  this  inflance  without  any  communication 
with  the  earth. 
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EXPERIMENT  LXXXVIII. 

) - : 1 

♦ 

Charge  the  two  bottles,  fig.  43,  pofitively  ; 
conned:  their  outfide  coatings  by  a wire  or 
chain,  then  bring  their  knobs  together,  there 
will  be  no  fpark  between  them,  and  the  bottles 
will  not  be  discharged,  becaufe  neither  fide 
has  any  thing  to  communicate  to  the  other. 

EXPERIMENT  LXXXIX. 

Charge  the  infulated  bottle,  fig.  43,  nega- 
tively, and  the  other  pofitively ; conned  the 
coating  by  a chain,  and  bring  the  knobs  to- 
wards each  other,  an  explofion  will  take  place, 
and  the  bottles  will  be  dilcharged.  If  a light- 
ed candle  is  placed  between  the  knobs,  the  ex- 
plofion will  be  made  through  the  flame  in  a 
beautiful  manner,  and  at  fome  inches  difiance. 
See  fig.  44. 

EXPERIMENT  XC. 

Fix  a quadrant  eledrometer  to  the  ball  of 
a Leyden  bottle,  and  charge  it  negatively  ; 
when  it  has  received  a full  charge  the  index 
will  ft  and  at  90  degrees ; then  place  the  bottle 

with 
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with  its  electrometer  at  the  pofitive  conductor, 
turn  the  cylinder,  the  electrometer  will  de- 
fcend,  and  the  bottle  will  be  difcharged  by 
the  contrary  eleCtricity. 

EXPERIMENT  XCI. 

\ » . • 

Infulate  two  Leyden  bottles;  let  their  coat- 
ings be  in  contaCt,  and  while  you  charge  the 
infide  of  one  pofitively,  let  a perfon,  Handing 
on  the  floor,  touch  the  top  of  the  other  with 
his  finger,  and  it  will  be  charged  negatively. 

EXPERIMENT  XCII. 

L M,  fig.  45,  reprefents  a Leyden  jar, 
which  is  furnifhed  with  moveable  coatings  of 
tin ; the  inner  one,  N,  may  be  removed  by 
the  filk  firings  f,  g,  h ; the  jar  may  be 
taken  from  its  outer  coating. 

Charge  the  jar,  and  then  remove  the  coatings, 
bring  a pair  of  pith  balls  towards  the  jar,  and 
they  will  be  flrongly  attracted  by  it ; replace 
the  coatings,  and  the  jar  will  give  a confider- 
able  fhock ; which  fhews,  that  the  power  or 
force  of  the  charge  is  refident  in  the  glafs, 
and  not  in  the  coatings. 
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EXPERIMENT  XCIII. 

T V,  fig.  46,  reprefents  a bottle,  whofe 
exterior  coating  is  formed  of  fmall  pieces  of 
tin-foil,  placed  at  a little  diftance  from  each 
other.  Charge  this  bottle  in  the  ufual  manner, 
and  firong  fparks  of  electricity' will  pafs  from 
one  fpot  of  tin-foil  to  the  other,  in  a variety  of 
directions  ; the  feparation  of  the  tin-foil  mak- 
ing the  paflage  of  the  fluid  from  the  outfide 
to  the  table  viflble.  Difcharge  this  bottle,  by 
bringing  a pointed  wire  gradually  near  the 
knob,  and  the  uncoated  part  of  the  glafs  be- 
tween the  fpots  will  be  pleafingly  illuminated, 
and  the  noife  will  refemble  that  of  fmall  fired 
crackers.  If  the  jar  is  difeharged  fuddenly, 
the  whole  outfide  furface  appears  illuminated. 
To  produce  thefe  appearances  the  glafs  rnuft 
be  very  dry. 

EXPERIMENT  XQIV. 

• *■  « * ' ' t ‘ 

String  a parcel  of  fliot  on  a filk  flring,  leav- 
ing a fmall  fpace  between  each  of  them  ; fuf- 
pend  this  from  the  conductor,  fo  that  it  may 
reach  the  bottom  of  a coated  phial,  which  is 
placed  on  an  infulated  Hand  ; conneCt  another 

Urine: 
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firing  of  fhot  to  the  bottom  of  the  jar  and  let 
it  communicate  with  the  table,  turn  the  ma- 
chine, and  a vivid  fpark  will  be  feen  between 
each  of  the  fhot,  both  within  and  without  the 
bottle,  as  if  the  fire  palled  through  the  glafs. 

experiment  xcv. 

Hold  a phial  in  the  hand  which  has  no  coat- 
ing on  the  outfide,  and  prefent  its  knob  to- 
wards an  electrified  conductor ; the  fire,  while 
it  is  charging,  will  pafs  from  the  outfide  to 
the  hand,  in  a pleafing  manner ; on  the  dif- 
charge,  beautiful  ramifications  will  proceed 
from  that  knob  of  the  difeharger  which  is  on 
the  outfide  all  over  the  jar. 

experiment  xcvi. 

Let  a chain  be  fufpended  from  the  conduct- 
or and  pafs  into  an  uncoated  bottle,  fo  that  it 
does  not  touch  the  bottom  ; put  the  machine 
in  aCtion,  and  the  chain  will  move  round,  in 
order,  as  it  were,  to  lay  the  fire  on  the  infide 
of  the  jar,  and  thus  charge  it  by  degrees. 
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EXPERI  MENT  XCVII. 

Fig.  47  reprefents  two  Leyden  phials,  pla- 
ced one  over  the  other.  Various  experiments 
may  be  made  with  this  double  bottle,  which 
are  very  pleafing,  and  elucidate  clearly  the 
received  theory. 

Bring  the  outfide  coating  of  the  bottle  A in 
contadt  with  the  prime  conductor,  and  turn 
the  machine  till  the  bottle  is  charged,  then 
place  one  ball  of  the  difcharging  rod  upon 
the  coating  of  B,  and  with  the  other  touch 
the  knob  of  the  jar  A,  which  will  caufe  an 
explofion.  Now  place  one  ball  of  the  dif- 
. charger  on  the  knob  of  A,  and  bring  the 
other  ball  to  its  coating  and  you  have  a fecond 
difcharge.  Again,  apply  one  ball  of  the  dif- 
charger  on  the  coating  of  B,  and  carry  the 
other  to  the  coating  of  A,  and  it  will  produce 
a third  explofion.  A fourth  is  obtained  by 
applying  the  difcharger  from  the  coating  of 
A to  its  knob. 

The  outer  coating  of  the  upper  jar  com- 
municating with  the  infide  of  the  under  one, 
conveys  the  fluid  from  the  condudor  to  the 
large  jar,  which  is  therefore  charged  pofitive- 
iy  ; the  upper  jar  docs  not  charge,becaufe 

the 
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the  infide  cannot  part  with  any  of  its  eleCrid 
fluid  ; but,  when  a communication  is  formed 
from  the  outfide  of  A to  the  infide  of  B,  part 
of  the  fire  on  the  infide  of  A will  be  convey- 
ed to  the  negative  coating  of  B,  and  the  jar 
will  be  difcharged.  The  fecond  explofion  is 
occafioned  by  the  difcharge  of  the  jar  A;  but, 
as  the  outfide  of  this  communicates  by  con- 
ducing fubftances  wfith  the  pofitive  infide  of 
the  jar  B,  if  the  ball  of  the  difcharging  rod 
remains  a fmall  time  after  the  difcharge  on  the 
knob  of  A,  part  of  the  fire  of  the  infide  of  A 
will  efcape,  and  be  replaced  by  an  equal  quan- 
tity on  the  outfide  from  the  jar  B,  by  which 
means  A is  charged  a fecond  time  ; the  dif- 
charge of  this  produces  the  third,  and  of  B 
the  fourth  explofion. 

THE  FOLLOWING  PLEASING  VARIATIONS  OF  THE 
FOREGOING  EXPERIMENT  WERE  COMMUNI- 
CATED TO  ME  BY  MR.  J.  FELL  OF  ULVERSTON. 

A the  upper  bottle,  Bthe  under  bottle. 

Knob  of  A applied  to  the  conduCor,  and  the 
charge  given. 

lft  difcharge.  Balls  of  difeharger  from  coat- 
ing of  A to  knob  of  A. 

2d  ditto.  Fromcoating  ofBto  knobof  A. 

3d 
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3d  difcharge.  From  coating  of  B to  coating 

of  A. 

4th  ditto.  From  coating  of  A to  knob 

of  A* 

Coating  of  A applied  to  the  conductor,  and 
the  charge  given. 


1 ft  difcharge. 

Balls  of  difcharger  from  coat- 
ing of  B to  knob  of  A. 

2d  ditto. 

From  coating  of  A to  knob 
of  A. 

3d  ditto. 

From  coating  of  B to  knob 
of  A. 

4th  ditto. 

From  coating  of  B to  coating 
of  A. 

5th  ditto. 

From  coating  of  A to  knob 
of  A. 

Coating  of  A applied  to  the  conductor,  and 
the  charge  given,  touch  the  knob  of  A with 
one  ball  of  the  difcharger,  the  other  ball 
communicating  with  the  earth,  then  pro- 
ceed as  follows. 

1 ft  difcharge.  Balls  of  difcharger  from  coat- 
ing of  A to  knob  of  A. 

2d  ditto.  From  coating  of  B to  knob 

of  A. 

3d  ditto.  From  coating  of  A to  knob 

of  A, 
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4th  difcharge.  From  coating  of  B to  knob 

of  A. 

Go  on  thus  alternately,  and  fifteeen,  fixteen, 
or  more  difcharges  may  be  produced. 

THE  CONTRARY  STATE  OF  THE  TWO  OPPOSITE 
SIDES  OF  A CHARGED  LEYDEN  BOTTLE, 
SHEWN  BY  THEIR  RESPECTIVE  ATTRACT- 
IVE AND  REPULSIVE  POWERS. 

EXPERIMENT  XCVI I I . 

, v \ 

Screw  the  bottle  H,  fig.  49,  with  the  belt 
Tideways  on  the  infulating  ftand,  as  in  fig.  48, 
and  charge  it  positively,  then  touch  the  knob 
with  a pair  of  pith  balls,  thefe  will  diverge 
with  pofitive  electricity ; hold  another  pair  to 
the  coating,  and  they  will  feparate  with  nega- 
tive eleCtricity. 

EXPERIMENT  XCIX. 

EleCtrify  two  pair  of  the  pith  balls  which 
are  fixed  to  the  brafs  tubes,  as  in  fig.  22,  PI.  II. 
by  the  knob  of  a pofitively  charged  bottle,  and 
place  them  at  a fmall  diftance  from  each  other, 
then  pufh  them  together  till  the  ends  of  the 
tubes  are  in  contaCt,  and  the  balls  will  remain 
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in  the  fame  (late  they  were  in  before  they  were 
brought  together,  becaufe  their  electricity  is 
of  the  lame  kind.  The  refult  is  the  fame  if 
both  pair  are  electrified  by  the  coating  ; but  if 
one  pair  is  eleCtrified  by  the  coating  and  the 
other  by  the  knob,  when  they  are  brought  in 
contaCt  they  immediately  clofe. 

EXPERIMENT  C. 

I 

A cork  ball,  or  an  artificial  fpider  made  of 
burnt  cork  with  legs  of  linen  thread,  fufpend- 
ed  by  filk,  will  play  between  the  knobs  of 
two  bottles,  one  of  which  is  charged  pofitive- 
ly,  the  other  negatively,  and  will  in  a little 
time  difcharge  them. 

EXPERIMENT  Cl. 

A ball,  fufpended  on  filk,  and  placed  be- 
tween two  brafs  balls,  one  proceeding  from 
the  outfide,  the  other  from  the  infide  of  a 
Leyden  jar,  when  the  bottle  is  charged,  will 
fly  from  one  knob  to  the  other,  and  by  thus 
conveying  the  fire  from  the  infide  to  the  out- 
fide of  the  bottle,  will  foon  difcharge  it. 
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experiment  C II. 

An  infulated  cork  ball,  after  having  receiv- 
ed a fpark,  will  not  play  between,  but  be 
equally  repelled  by  two  bottles  which  are 
charged  with  the  fame  power. 

EXPERIMENT  CIII. 

At  fig.  58  a wire  is  fixed  to  the  under  part 
of  the  infulated  coated  phial,  b c another  wire 
fitted  to,  and  at  right  angles  with  the  former, 
a brafs  fly  is  placed  on  the  point  of  this  wire ; 
charge  the  bottle,  and  all  the  time  the  bottle 
is  charging  the  fly  will  turn  round  ; when  the 
bottle  is  charged  the  needle  flops.  Touch  the 
top  of  the  bottle  with  a finger,  or  any  other 
conducting  fubflance,  and  the  fly  will  turn 
again  till  the  bottle  is  difcharged.  The  fly 
will  eleCtrify  a pair  of  balls  pofitively  while 
the  bottle  is  charging,  and  negatively  when 
difcharging- 

EXPERIMENT  CIV. 

Place  a clean,  dry,  and  excited  pane  of  glafs, 
about  one  foot  fquare,  on  an  infulated  box  with 

pith 
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pith  balls,  it  will  caufe  the  balls  to  diverge 
with  pofitive  electricity,  and  they  will  con- 
tinue to  repel  each  other  upwards  of  four 
hours  in  dry  air.  When  the  balls  come  toge- 
ther, remove  the  glafs,  and  they  will  open 
with  negative  electricity ; replace  the  glafs, 
and  they  will  clofe  ; remove  it,  and  they  will 
open  again ; and  thus  alternately  as  long  as 
any  electricity  remains  in  the  glafs. 

If  the  pane  of  glafs  be  placed  in  a frame 
of  wood,  and  a light  pith  or  cork  ball  be  laid 
on  its  furface,  on  prefenting  towards  it  the 
end  of  a finger,  or  the  point  of  a pin,  the 
ball  will  recede  from  them  with  a very  brifk 
motion,  and  may  thus  be  driven  about  on  the 
furface  of  the  glafs,  like  a feather  in  the  air 
by  an  excited  tube.  The  ball  being  deprived 
of  its  eleCtricity  by  the  pin,  it  inftantly  flies 
to  that  part  of  the  glafs  which  attracts  it 
mofl  forcibly. 

To  excite  the  pane  of  glafs ; lay  it  upon  a 
quire  of  large  paper,  well  dried,  and  then 
rub  it  with  a piece  of  clean  dry  flannel. 
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THE  CONTRARY  STATES  OF  THE  DIFFERENT 

SIDES  OF  A LEYDEN  PHIAL,  AND  THE 

% 

DIRECTION  OF  THE  ELECTRIC  FLUID  IN 

THE  CHARGE  AND  DISCHARGE  THEREOF, 

INVESTIGATED  BY  THE  APPEARANCE  OF 

THE  ELECTRIC  LIGHT. 

In  Chap.  VI.  we  obferved,  that  the  diflerr 
ent  appearances  of  light  on  electrified  points 
was  deemed  a criterion  of  the  direction 
of  the  eleCtric  fluid  ; that  the  luminous 
flar  fhews  a point  in  receiving  the  eleCtric 
matter,  whilft  the  luminous  brufh,  or  cone, 
indicates  that  it  is  proceeding  from  a 
point. 

We  fliall  now  examine  the  ftate  of  the  dif- 
ferent tides  of  the  Leyden  bottle  by  thefe  ap- 
pearances. 


EXPERIMENT  CV. 

Screw  the  jar  I on  the  infulating  pillar,  and 
the  pointed  wire  into  the  hole  g,  place  another 
pointed  wire  at  the  end  of  the  conductor,  bring 
the  knob  of  the  jar  near  this  wire,  and  then 
turn  the  cylinder,  a pencil  of  rays  will  diverge 

from 
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from  the  pointed  wire  in  the  conductor  to  the 
knob  of  the  jar,  at  the  fame  time  another 
pencil  of  rays  will  diverge  from  the  point  at 
the  bottom  into  the  air.  See  fig.  30. 

Repeat  this  experiment  with  the  negative 
conductor,  and  a luminous  ftar  will  appear  on 
the  end  of  each  wire. 


EXPERIMENT  CVI. 

Screw  a pointed  wire  into  the  knob  of  the 
jar,  (fee  fig,  51)  charge  the  bottle  pofitively, 
the  fire  will  be  received  from  the  conductor 
by  the  pointed  wire,  and  appear  there  as  a 
luminous  ftar,  while  the  wire  on  the  outfide  of 
the  jar  will  throw  off  a diverging  cone. 

Fig.  52  reprefcnts  the  foregoing  appearances 
reverfed,  by  charging  the  jar  negatively  at  the 
pofitive  conductor. 

This  experiment  may  b.e  further  varied, 
by  applying  the  bottle  to  a negative  con- 
ductor. 
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experiment  cvir. 

After  the  jar  is  charged,  as  in  the  foregoing 
experiments,  turn  that  wire  from  the  cylinder 
which  before  was  neareft  to  it,  then  put  the 
machine  in  adfion,  and  the  afflux  and  efflux 
will  be  more  apparent  than  before ; one  point 
throwing  off,  and  the  other  receiving  the  fluid 
with  extreme  avidity,  which  will  in  a little 
time  difcharge  the  jar, 

EXPERIMENT  CVIII. 

Charge  the  jar  as  before,  then  touch  the 
wire  which  is  connected  with  the  negative  fide, 
and  the  oppofite  wire  will  throw  off  a diverging 
cone  ; but,  if  the  pofitive  fide  is  touched,  a 
luminous  cone  only  will  be  feen  on  the  other 
wire. 

EXPERIMENT  CIX. 

Fig.  53  is  an  ele&ric  jar,  B B the  tin-foil 
coating,  C a {land  which  fupports  the  jar,  D 
a focket  of  metal  which  carries  the  glafs  rod 
E;  a curved  metallic  wire,  pointed  at  each 
end,  is  fixed  to  the  end  of  the  rod  G,  which 

rod 
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rod  is  moveable  at  pleafure  in  a fpring  tube  N, 
that  tube  being  fixed  by  a focket  upon  the 
top  of  the  glals  rod  E,  the  charging  wire 
communicates  with  the  different  divifions  of 
the  infide  coating  of  the  jar  by  horizontal 
wires. 

Place  the  jar  as  ufual,  and  put  the  machine 
in  action,  a fmall  luminous  fpark  will  appear 
upon  the  upper  point  of  the  wire  F,  (a  plain 
indication  that  the  point  is  then  receiving  elec- 
tricity from  the  upper  ring  of  the  coating  on 
the  outfide  of  the  jar)  a fine  dream  or 
pencil  of  rays  will  at  the  fame  time  fly  off, 
beautifully  diverging  from  the  lower  point  of 
the  wire  F upon  the  bottom  ring  of  the  coat- 
ing on  the  jar  ; when  thefe  appearances  ceafe, 
which  they  will  as  foon  as  the  jar  is  charged, 
let  a pointed  wire  be  prefented  towards  the 
prime  condudtor,  this  will  foon  difeharge  the 
jar  filently,  during  which,  the  lower  point 
will  be  illuminated  with  a fmall  fpark,  while 
the  upper  point  of  the  wire  will  throw  off  a 
pencil  of  rays,  diverging  towards  the  upper 
ring  of  the  coating. 

experiment  cx. 

Take  a Leyden  phial,  the  neck  of  which 
fhould  not  be  very  broad,  fet  the  coating  on 

the 
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the  conductor,  and  charge  it  negatively ; when 
charged,  if  not  too  dry,  the  upper  edge  of  the 
coating  will  throw  off  one  or  more  brulhes  of 
light  into  the  air,  which  will  vifibly  incline 
towards  the  charging  wire  of  the  bottle,  and 
fometimes  actually  reach  it.  Prefent  the  knob 
to  the  prime  conductor,  and  charge  the  jar 
pofitively,  a fmall  fpark  of  light  will  firft  ap- 
pear on  the  edge  of  the  cork  in  the  neck  of 
the  bottle,  through  which  the  wire  paffes  after 
a few  turns  of  the  cylinder  ; this  fpark  becomes 
a brulh,  darting  out  from  the  cork,  and  gra- 
dually lengthening  till  it  forms  an  arch,  the 
end  of  it  extending  downwards  till  it  reaches 
and  touches  the  end  of  the  coating.  If  the 
bottle  be  dry,  it  will  in  both  cafes  be  dif- 
charged  fpontaneoufly.  See  fig.  54  and  55. 

EXPERIMENT  CXI. 

An  infulated  pofitively  charged  bottle  will 
give  a fpark  from  its  knob  to  an  excited  flick 
of  wax,  while  no  fpark  will  pafs  between  it 
and  an  excited  glafs  tube. 

experiment  cxii. 

/ 

An  analyfis  of  the  Leyden  phial,  by  means 

of  the  Leyden  vacuum  E,  fig.  49. Screw 

this 


electricity.  139 

tfiis  on  the  infulated  ftand,  with  the  pointed 
wire  from  the  bottom.  Fig.  56  reprefents  the 
appearance  of  the  fluid  on  the  points  when  the 
bottle  is  charged  negatively,  at  a conductor 
loaded  with  pofltive  electricity. 

Fig.  57  the  appearances  it  difplays  when  it 
is  charging  pofitively  at  the  fame  conductor. 

Fig.  59  is  the  fame  bottle  charging  pofitive- 
ly at  a negative  conductor.  Fig.  60  it  is 
charging  negatively  at  the  lame  conductor. 

EXPERIMENT  CXIII. 

Fig.  61  reprefents  the  luminous  conductor 
on  the  infulating  ftand.  Set  the  collecting 
point  near  the  cylinder,  and  place  the  knob  of 
an  uncharged  phial  in  contaCt  with  the  ball, 
or  hang  a chain  from  it  to  the  table,  and,  on 
working  the  machine,  the  ball  will  be  envelo- 
ped in  a denfe  eleCtric  atmofphere.  If  the 
point  be  brought  in  contaCt  with  an  infulated 
rubber,  and  a communication  is  made  from 
the  ball  to  the  table,  the  atmofphere  will  be 
on  the  point  in  the  tube.  If  a bottle,  pofitive- 
ly charged,  be  prefented,  the  appearances  in 
the  tube  will  be  as  delineated  in  fig.  62.  But, 
if  a bottle  negatively  charged  be  thus  applied, 
the  appearance  will  be  as  in  fig.  61. 
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This  tube,  when  mounted  on  its  infulating 
Hand,  may  be  ufed  inftead  of  the  prime  con- 
ductor, and  all  the  common  experiments  may 
be  performed  with  it ; the  tube  will  be  lumin- 
ous during  the  whole  of  the  operation. 

OF  THE  DIRECTION  OF  THE  ELECTRIC  MAT- 
TER IN  THE  DISCHARGE  OF  THE  LEYDEN 
PHIAL. 


EXPERIMENT  CXIV. 

Place  a charged  jar  on  a fmall  glafs  (land 
under  the  receiver  of  an  air  pump  ; as  the  re- 
ceiver is  exhaufting  the  eleCtric  fire  will  iffue 
from  the  wire  of  the  phial,  in  a very  lumin- 
ous pencil  of  rays,  and  continue  flaflfing  to 
the  coating  till  the  air  is  exhaufted,  when  the 
jar  will  be  found  to  be  difcharged. 

If  the  phial  is  charged  negatively,  the  cur- 
rent of  fire  will  appear  to  have  a different  di- 
rection from  that  which  it  had  before. 

From  this  experiment  we  may  infer  the  ef- 
fects of  the  atmofpheric  preffure  upon  the 
charge  of  the  Leyden  phial,  and  learn  that  it  is 
the  natural  boundary  to  every  charge  of  electri- 
city we  can  give  ; and,  confequently,  that  a 
phial  would  contain  double  the  charge,  in  air 
doubly  condenfed,  as  it  does  in  the  common  at- 
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mofphere,  fince  it  would  increafe  the  intenfity 
of  the  eleCtric  atmofphere. 

EXPERIMENT  CXV. 

Place  a fmall  lighted  taper  between  the  two 
balls  of  the  universal  difcharger,  then  pafs  a 
very  fmall  charge  of  a pofitive  phial  through 
them,  and  the  flame  of  the  taper  will  be  at- 
tracted in  the  direction  of  the  fluid  towards 
the  coating.  See  fig.  63. 

EXPERIMENT  CXVI. 

The  fame  fmall  charge  from  a negative  bot- 
tle will  reverfe  the  appearance. 

In  both  thefe  experiments  it  is  necefiary  to 
ufe  the  leaf:  charge  that  can  be  given,  jufl 
fufficient  to  leap  the  interruption  in  the  cir- 
cuit. 

EXPERIMENT  CXVII. 

Place  a card  on  the  table  of  the  univerfal 
difcharger,  and  bring  one  of  the  points  under 
the  card,  then  conned:  this  point  with  the  coat- 
ing of  ajar  pofitively  charged,  place  the  other 
point  on  the  top  of  the  card,  and  at  about  an 
inch  and  a half  from  the  former ; now  compleat 
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the  circuit,  by  bringing  a difcbarging  rod  from 
the  laft  wire  to  the  top  of  a bottle,  and 
the  electricity  will  pafs  through  the  upper 
wire,  along  the  furface  of  the  card,  till  it 
comes  to  the  point  which  is  underneath,  where 
it  will  make  a hole  in  the  card,  and  pafs  thro’ 
the  wire  to  the  coating  of  the  bottle.  See 
fig.  64. 

EXPERIMENT  CXVUI. 

Four  cork  balls,  A,  B,  C,  D,  being  placed 
at  equal  difiances  from  each  other,  from  the 
balls  of  the  difcharging  rod,  and  fromthecoat- 
ing  of  a pofitively  charged  bottle  ; on  making 
the  difcharge,  the  ball  A next  the  rod  was 
repelled  to  B,  which  was  again  repelled  to  C, 
C remained  immoveable,  but  D flew  to  the 
coating  of  the  bottle. 

EXPERIMENT  CXIX. 

t 

Take  a card,  and  paint  both  fides  with  cin- 
nabar about  the  breadth  of  the  finger,  fix  this 
card  vertically  by  a little  wax  on  the  table  of 
the  univerfal  difcharger,  let  the  pointed  ends 
of  one  of  the  wires  touch  one  fide  of  the  card, 
and  the  end  of  the  other  wire  the  oppofite  fide ; 
the  difiance  of  the  points  from  each  other  mufi 

be 
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be  proportioned  to  the  ftrength  of  the  charge  ; 
difcharge  a jar  through  the  wires,  and  the 
black  mark,  left  by  the  explofion  on  the  co- 
loured band,  fhews  that  the  electric  fluid  paflT- 
ed  from  the  wire,  communicating  with  the 
infide  of  the  bottle,  to  that  which  communi- 
cates with  the  outflde,  againft  which  it  makes 
a hole. 

EXPERIMENTS  WHICH  SEEM  TO  MILITATE 
AGAINST  THE  RECEIVED  THEORY  OF 
ELECRTICITY. 

EXPERIMENT  CXX. 

Let  the  furfaces  of  an  electric  plate  be  very 
flightly  charged  and  infulated,  let  an  inter- 
rupted circuit  be  formed,  the  two  powers  will 
be  vifible,  illuminating  the  points  of  the  in- 
terrupted circuits,  and  each  power  will  ap- 
pear to  extend  farther  from  the  furface  con- 
tiguous to  it,  the  ftronger  the  charge  is  com- 
municated to  the  plate;  but,  if  the  illumin- 
ations on  each  fide  meet,  there  will  immedi- 
ately follow  an  explofion  of  the  whole  charge. 
The  length  of  the  interrupted  circuit  ufed  for 
this  experiment  was  twelve  feet.* 

* Atwood’s  analyfis  of  a courfe  of  lectures,  p.  r2i. 
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EXPERIMENT  CXXI. 

If  a cylindrical  plate  of  air,  contained  in 
the  receiver  of  an  air  pump,  be  charged,  it  is 
obferved,  the  more  air  that  is  exhaufted  from 
between  the  lurfaces  the  more  eafily  the  pow- 
ers will  unite. 

/ 

EXPERIMENT  CXXII. 

If  an  exhaufted  receiver  be  made  part  of  the 
eledtric  circuit,  and  the  charge  lhould  not  be 
iufficient  to  caufe  an  explofion,  an  eledtric 
light  will  appear  to  proceed  in  oppofite  direc- 
tion from  the  parts  communicating  with  the 
negative  and  pofitive  furfaces. 

experiment  cxxiii. 

Let  a coated  phial  be  fet  on  an  infulating 
ftand,  and  let  its  knob  be  touched  by  the  knob 
of  another  phial  negatively  eledtrified,  a fmall 
fpark  will  be  feen  between  them,  and  both 
fides  of  the  infulated  phial  will  be  inftantly 
negatively  eledtrified.* 

* Fallen  a pith  ball  eledlrometer  by  a little 

* Encyclopedia  Britannica,  Vol.  IV.  p.  2698. 
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wax  to  the  outfide  coating  of  ajar,  charge  the 
jar  dightly  with  pofitive  electricity,  and  let  it 
on  an  infulated  ftand*  the  ball  will  either  not 
diverge,  or  only  a very  little  ; bring  the  knob 
of  a bottle  which  is  ftrongly  charged  with 
pofitive  electricity  near  the  knob  of  the  former, 
and  the  balls  will  diverge  with  pofitive  elec- 
tricity. 

EXPERIMENT  CXXV. 

Let  the  fame  phial,  with  the  pith  balls  af- 
fixed to  its  outfide  coating,  be  ilightly  charged 
negatively,  and  then  infulated,  bring  the  knob 
of  a phial,  which  is  ftrongly  eleCtrified  nega- 
tively, to  that  of  the  infulated  one,  and  the 
pith  balls  will  diverge  with  negative  eleCtri- 
citv* 

g 

EXPERIMENT  CXXVI. 

Charge  ajar  pofitively,  and  then  infulate  it, 
charge  another  ftroilgly  with  negative  electri- 
city, bring  the  knob  of  the  negative  bottle 
near  that  of  the  pofitive  one,  and  a thread  will 
play  between  them ; but,  when  the  knobs 
touch  each  other,  the  threads,  after  being  at- 
tracted, will  be  repelled  by  both.  The  nega- 
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tivc  eleCtricity  is  fome  how  fuperinduced  on 
the  pofitive,  and,  for  a few  minutes  after  they 
are  feparated,  both  will  appear  negatively 
eleCtrified  ; but,  if  the  finger  is  brought  near 
the  knob  of  that  bottle  on  which  the  negative 
electricity  was  fuperinduced,  it  will  inftantly 
be  diffipated,  a fmall  fpark  will  ftrike  the  fin- 
ger, and  the  bottle  will  be  pofitively  charged 
as  before,, 

One  of  the  pofitions  which  fupport  the 
✓ Franklinian  hypothefis,  has  been  already  con- 
fidered ; we  are  now  at  a proper  llage  for 
pointing  out  fome  of  thofe  deficiencies  which 
have  been  obferved  in  other  parts  of  it.  To 
fupport  this  hypothefis,  it  is  neceflary  to 
maintain  that  glass  and  other  electric 

SNBSTANCES,  THOUGH  THEY  CONTAIN  A GREAT 
DEAL  OF  ELECTRIC  MATTER,  ARE  NEVERTHE- 
LESS IMPERMEABLE  TO  IT.’ 

This  pofition  appears  contradictory  at  the 
the  firfl:  view,-  for  it  is  not  eafy  to  conceive, 
that  any  fubflance  can  be  full  of  a fluid  and 
yet  impermeable  by  it.  Efpecially  when  a 
confiderable  quantity  of  this  fluid  is  taken  from 
one  fide,  and  added  to  the  other ; and  what 
is  more  furprifing,  the  thinner  the  glafs>  and 
the  lefs  quantity  it  is  capable  of  containing. 
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the  more  we  are  able  to  put  into,  and  the 
flronger  will  be  the  charge.* 

The  following  among  other  experiments,  has 
been  adduced  as  a ftrong  argument  in  favour  of 
the  impermeability  of  glafs.  Let  a coated  phial 
be  fet  upon  an  infulated  {land,  and  the  knob  of 
another  coated  phial  be  brought  near  it ; now 
for  every  fpark  difcharged  from  the  prime 
conductor  to  the  knob  of  the  iirft  jar,  a fpark 
will  pafs  from  the  coating  of  the  firfi:  to  the 
knob  of  the  fecond : now  a common  ob- 

ferver  generally  imagines  that  the  fire  runs 
through  the  glafs  ; Dr*  Franklin  concludes  it 
does  not,  becaufe  there  is  found  a great  accu- 
mulation of  electricity  on  the  infide  of  the 
jar,  which  manifefts  itfelf  when  the  infide  and 
outfide  are  made  to  communicate  with  each 
other*  But  we  cannot  from  this  and  fimilar 
experiments  conclude  thatglafs  is  impermeable, 
except  we  fuppofe  the  eledtric  matter  to  be 
accumulated  on  one  fide  of  the  glafs,  and  de- 
ficient on  the  other  ; but  this  has  never  yet 
been  proved,  it  has  indeed  been  faid,  that  if 
glafs  was  permeable  to  this  fluid,  it  could 
never  be  charged,  but  this  refls  wholly  on  the 
fuppofition,  that  there  is  an  accumulation  of 
the  fluid  in  bodies  pofitively  eleCtrified,  and 

* Encyclopedia  Britannica,  p.  2687. 
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a deficiency  in  thofe  which  are  negatively 
fio.* 

Mr.  Wilfon,  to  prove  the  permeability  of 
glafs,  took  a very  large  pane  of  glafs  a little 
warmed,  and  holding  it  upright  by  one  edge, 
while  the  oppofite  edge  refted  upon  wax,  he 
rubbed  the  middle  part  of  the  furface  with 
his  finger,  and  found  both  fides  electrified 
plus  ; he  accounted  for  this  from  the  eleCtric 
fluid  palling  through  the  glafs  from  his  finger. 
But  Dr.,  Prieftley  fays  this  appearance  ought 
to  take  place  on  Dr.  Franklin’s  principles  ; for 
the  fire  given  to  the  glafs  by  the  finger  on  one 
fide,  repels  an  equal  quantity  from  the  other, 
which  Hands  as  an  atmofphere,  fo  that  both 
fides  appear  pofitively  eleCtrified.  Mr.  Wil- 
fon  tried  alfo  another  experiment,  which  feems 
more  decifive  than  the  former.  Having  by 
him  a pane  of  glafs,  one  fide  of  which  was 
rough,  and  the  other  frnooth  ; he  rubbed  it 
on  one  fide,  upon  doing  this  both  fides  were 
eledrified  minus.  Dr.  Prieftley  attempts  to  re- 
concile this  to  Dr.  Franklin’s  hypothefis,  as 
the  eleCtric  fluid,  contained  in  the  glafs,  fays 
he,  was  kept  equal  on  both  fides  by  the  com- 
mon repulfion.  If  the  quantity  on  one  fide  is 
diminilhed,  the  fluid  on  the  other  fide  being 


* Ibid,  p.  2687. 
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iefs  repelled  retires  inward,  and  leaves  that 
iurface  minus.  But  furely  thofe  words  mili- 
tate ftrongly  againft  the  fyftem  he  means  to 
eftablifh.  The  quantity  of  fluid  in  one  flde 
being  diminifhed,  that  on  the  other,  he  fays, 
retires  inward.  But,  into  what  does  it 
retire  ? If  into  the  lubftance  ol  the  glafs, 
then  is  the  glafs  permeable  by  it,  which  is  the 
very  thing  Dr.  P.  argues  againft.* 

Dr.  Franklin’s  theory  refts  upon  the  follow- 
ing pofltion,  That  pofitive  electricity  is  an 
(f  accumulation,  or  too  great  a quantity  of 
“ electric  matter  contained  in  a body  ; and 
fe  negative  eledtricity  is  when  there  is  too 
(C  little.”  Of  this  however  there  is  not  one 
proof,  and  all  the  attempts  that  have  hitherto 
been  made  to  prove  it,  are  only  arguing  in  a 
circle,  or  proving  the  thing  by  itfelf.  Thus, 
for  inftance,  a body  electrified  pofttively,  at- 
tracts one  that  is  eledlrified  negatively,  be- 
caufe  the  firft  has  too  much  and  the  other  too 
little  eledlric  matter.  But  how  do  we  know 
that  one  has  too  much  and  the  other  too  little 
eledtricity  ? Becaufe  they  attract  each  other. 

Again,  it  has  been  proved,  that  when  a 
jar  is  electrified  pofttively,  there  is  as  conftant 
a ftream  of  fire  from  the  outfide  coating,  as 

* Ibid,  P.  2688. 
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there  is  from  the  conductor  to  the  infide  coat- 
ing. Therefore,  it  is  faid,  the  outfide  has  too 
little,  and  the  infide  too  much  ele<5tricity« 
But  how  is  this  known  to  be  the  cafe  ? Be- 
caufe  in  the  above  experiment  one  fide  has 
too  much  and  the  other  too  little  electricity. 
Thus,  in  every  inftance,  the  arguments  for 
Dr.  Franklin’s  hypothefis  return  into  them- 
felves,  and  no  concluiion  can  be  drawn  from 
them.* 

If  the  reader  withes  to  investigate  this 
fubjeCt  further,  he  may  confult  Eeles’s  Phi- 
lofophical  Effays,  Wilfon’s  fhort ' View  of 
EleCtricity,  Marat’s  Recherches  Phylique  fur 
1’EleCtricite,  Milner’s  Obfervations,  Lyons* 
Obfervations  and  Experiments  on  Electricity, 
and  the  Encyclopaedia  Britannica. 


* Ibid,  p.  2691. 
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CHAP.  VIII. 


OF  THE  ELECTRICAL  BATTERY,  AND  THE  LA- 
TERAL EXPLOSION  OF  CHARGED  JARS. 

fT'0  increafe  the  force  of  the  eledric  explo- 
fion,  feveral  Leyden  phials  are  connected 
together  in  a box ; this  collection  is  termed  an 
eledrical  battery.  Fig.  65  reprefents  one  of 
the  moft  approved  form. 

The  bottom  of  the  box  is  covered  with  tin- 
foil,  to  conned  the  exterior  coatings ; the  in- 
fide  coatings  of  the  jars  are  connected  by  the 
wires  b,  c,  d,  e,  f,  g,  which  meet  in  the 
large  ball  A ; C is  a hook  at  the  bottom  of  the 
box,  by  which  any  fubftance  may  be  conned- 
ed  with  the  outfide  coating  of  the  jars  5 a ball  B 
proceeds  from  the  infide,  by  which  the  circuit 
may  be  conveniently  compleated.  The  follow- 
ing precautions  are  neceffary  to  be  attended  to 
by  thofe  who  make  ufe  of  an  electrical  bat- 
tery. 

To  keep  the  top  and  uncoated  part  of  the 
jars  dry  and  free  from  dull,  and  after  the  ex- 
plofion  to  conned  a wire  from  the  hook  to  the 
ball,  which  fhould  be  left  there  till  the  batteay 
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is  to  be  charged  again,  which  will  totally 
viate  the  inconveniencies  that  have  occafion- 
ally  happened  from  the  refiduum  of  a charge. 

If  one  jar  in  a battery  is  broke  it  is  impof- 
fible  to  charge  the  reft  till  the  broken  jar  is 
removed  *. 

To  prevent  the  jars  of  a large  battery  break- 
ing at  the  time  of  the  explofion,  it  has  been 
recommended  not  to  difcharge  a battery  through 
a good  condudtor,  except  the  circuit  is  at  leaft 
five  feet  long ; but  what  is  gained  on  one  hand 
by  this  method  is  loft  on  the  other,  for,  by 
lengthening  the  circuit  the  force  of  the  fhock 
is  weakened  proportionably. 

I have  been  informed,  that  it  is  very  diffi- 
cult to  break  by  an  explofion  the  jars  which  „ 
are. made  of  green  glafs,  fabricated  at  New- 
caftle,  but  have  had  no  opportunity  to  make 
any  experiments  on  this  glafs  myfelf. 

The  force  of  a battery  may  be  confiderably 
increafed  by  concentrating  the  lpark  from  the 
explofion,  which  is  effeded  by  caufing  it  to 
pafs  through  fmall  circuits  of  non-conduding 

* A cracked  jar  may  be  made  to  receive  a charge,  by 
taking  away  the  external  and  internal  coatings  which  were 
over  the  crack,  fo  as  to  leave  a fpace  of  about  one  fourth 
of  an  inch,  between  the  crack  and  remaining  tin-foil. 

fubftances. 
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fubftances.  By  this  means  the  refitting  medi-. 
um,  through  which  the  fpark  is  to  pafs,  may 
be  fo  prepared  as  to  augment  its  power.  If  the 
fpark  is  made  to  pafs  through  a hole  in  a plate 

of  glafs,  one  twelfth  or  one  fixth  part  of  an 
inch  in  diameter,  it  will  be  lefs  diflipated,  more 

compa6l  and  powerful.  If  the  part  round  the 
hole  is  wetted  with  a little  water,  the  fpark, 
by  converting  this  into  vapour,  may  be  con- 
veyed to  a greater  diftance,  with  an  increafe  of 
rapidity,  attended  with  a louder  noife  than 
common. 

Mr.  Morgan,  by  attending  to  thefe  and 
fome  other  circumftances,  has  melted  wires, 
&c.  with  fmall  bottles.  I hope  he  will  be 
induced  to  communicate  this,  as  well  as  the 
reft  of  his  important  difcoveries,  to  the  public. 

EXPERIMENT  CXXVII. 

Pafs  the  charge  of  a ftrong  battery  througji 
two  or  three  inches  of  fmall  wire,  it  will  fome- 
times  appear  red  hot,  firft  at  the  pofitive  fide, 
and  the  rednefs  will  proceed  regularly  towards 
the  other  end. 
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EXPERIMENT  CXXVUI. 

Difeharge  a battery  through  a quire  of  pa- 
per, a perforation  will  be  made  through  it ; 
each  of  the  leaves  is  protruded  by  the  ftroke 
from  the  middle  towards  the  outward  leaves,  as 
if  the  fire  darted  both  ways  from  the  center. 
If  the  paper  is  very  dry,  the  fire  meets  with 
more  difficulty  in  its  paflage,  and  the  hole  is 
fmall.  If  that  part  of  the  paper,  through 
which  the  explofion  is  made,  is  wet,  the  hole 
is  larger,  the  light  more  vivid,  and  the  ex- 
plofion louder. 


EXPERIMENT  CXXIX, 

The  difeharge  of  a battery  through  a fmall 
fteel  needle  will,  if  the  charge  is  fufficient, 
communicate  magnetifm  to  the  needle. 


EXPERIMENT  CXXX. 

The  difeharge  of  a battery  through  a fmall 
and  {lender  magnetic  needle,  will  generally  de- 
flroy  the  polarity  of  the  needle,  and  fometimes 
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invert  the  poles  thereof.  To  fucceed  in  this 
experiment,  it  is  often  neeeffary  to  pafs  fevera! 
ftrong  charges  through  the  needle  before  it  is 
removed  from  the  circuit. 

It  appears,  from  Beccaria’s  experiments,  that 
the  magnetic  polarity,  which  is  communicated 
to  the  needle  by  ele&ricity,  depends  on  the  po- 
rtion of  the  needle  when  the  charge  is  fent 
through  it,  and  is  not  regulated  by  the  direc- 
tion of  the  ele&ric  matter  in  entering  the 
needle. 


EXPERIMENT  CXXXI, 

Let  a quire  of  paper  be  fufjpended  by  a line 
in  the  manner  of  a pendulum  from  any  con- 
venient altitude,  fo  that  its  plane  may  be  ver- 
tical. Let  the  largeft  charge  from  a battery 
be  caufed  to  pafs  through  it,  while  quiefeent  in 
an  horizontal  diredtion  perpendicular  to  the 
plane,  the  rods  of  communication  not  touching 
the  paper  j the  phenomena  are : firft,  the  aper- 
ture mentioned  in  Exp.  cxxviii,  the  leaves  be- 
ing protruded  both  ways  from  the  middle : 
fecond,  not  the  fmallelt  motion  is  communi- 
cated to  the  paper  from  the  force  of  the  dif- 
charge, 
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A quire  of  the  thickeft  and  ftrongeft  paper 
was  made  ufe  of  for  this  experiment,  the  height 
from  which  it  was  fufpended  fixteen  feet.  It  is 
an  extraordinary  appearance  on  the  hypothecs 
of  a fingle  eledtric  fluid,  that  a force  fufficient. 
to  penetrate  a folid  fubftance  of  great  tenacity 
and  cohefive  force,  fhould  not  communicate  the 
fmallelt  motion  to  the  paper,  when  a breath  of 
air  would  caufe  fome  fenflble  vibration  in  it. 
But  this  difficulty  is  not  unanfwerable  : for  a 
velocity  may  be  afiigned,  with  which  a body 
impinges  againfl  and  pafies  through  a pendu- 
lum of  any  given  weight  and  refilling  force,  fo 
that  a fmaller  angular  velocity  lhall  be  com- 
municated to  it,  than  any  that  fhall  be  propofed, 
and  we  know  no  limit  to  the  velocity  of  the 
eledtric  power  or  powers.  But  the  other  pheno- 
menon, i.  e.  the  oppofite  diredlion  in  which 
the  leaves  are  protruded,  tends  very  much  to 
ftre-ngthen  the  opinion  of  two  oppofite  currents : 
perhaps  either  of  thole  phenomena  confidered 
limply,  may  admit  of  an  eafy  folution  from  the 
hypothefis  of  a fingle  power,  when  they  are 
taken  both  together,  it  feems  more  difficult  to 
reconcile  this  hypothefis  with  matter  of  fadt  *. 

* Atwood’s  Analyfis. 
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EXPERIMENT  CXXXII. 

Difcharge  a battery  through  a (lender  piece 
of  wire,  ex.  gr.  one  50th  of  an  inch  in  diameter* 
the  wire  will  be  broken  to  pieces,  or  melted, 
fo  as  to  fall  on  the  table  in  glowing  balls. 

When  a wire  ‘is  melted  in  this  manner,  the 
fparks  fly  frequently  to  a confiderable  diftance, 
being  fcattered  by  the  explofion  in  all  direc- 
tions. 

If  the  force  of  the  battery  is  very  great,  the 
wire  will  be  entirely  difperfed  by  the  force  of 
the  explofion.  Small  particles  of  fuch  fub- 
(lances  as  cannot  be  eaflly  drawn  into  wire,  as 
platina,  grain  gold,  ores,  Sec.  may  be  placed 
in  a groove  of  wax,  and  then  put  into  the  cir- 
cuit, if  a difcharge  of  fufficient  ftrength  is  palled 
through  them  they  will  be  melted. 

The  force  by  which  wires  are  melted  by  a 
battery  varies  with  the  length  of  the  circuit,  as 
rhe  fluid  meets  with  more  refiftance  in  pro- 
portion as  the  pafiage  through  which  it  is  to 
pafs  is  longer.  Dr.  Prieftley  could  melt  nine 
inches  of  fmall  iron  wire  at  the  diftance  of  fif- 
teen feet,  but  at  twenty  feet  diftance  he  could 
only  make  fix  inches  of  it  red  hot,  fo  that  me- 
tals refill  with  confiderable  force  the  pafiage  of 

the 
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the  eleCtric  fluid,  and  therefore  in  eftimatmg 
the  conducting  powers  of  different  fubftances, 
their  length  muft  be  particularly  attended  to; 

experiment  cxxxiii. 

Inclofe  a very  {lender  wire  in  a glafs  tube* 
difcharge  a battery  through  this  wire3  and  it  will 
be  thrown  into  globules  of  different  fizes,  which 
may  be  collected  from  the  . inner  furface  of  the 
tube : they  are  often  found  to  be  hollow,  and 
little  more  than  the  fcoria  of  the  metal. 

Many  experiments  have  been  made,  in  order 
to  try  the  different  conducting  powers  of  me- 
tals, by  paffing  the  difcharge  of  a battery 
through  them  3 but  it  has  not  yet  been  determin- 
ed, whether  the  greater  facility  with  which  fome 
metals  are  exploded  depends  on  the  eafe  with 
which  the  fluid  palfes  through  them,  or  whether 
it  poceeds  from  the  degree  of  refinance  they 
make  to  its  paffage,  or  from  a want  of  ducti- 
lity in  the  metal,  which  is  therefore  lefs  cap- 
able of  expanfion. 
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EXPERIMENT  CXXXIII. 

Difcharge  a battery  through  a chain  which 
is  laid  on  paper,  and  black  marks  will  be  left 
on  the  paper  in  thofe  places  where  the  rings  of 
the  chain  touch  each  other  ; the  rings  will  be 
more  or  lefs  melted  at  thofe  places. 


experiment  cxxxiv. 

Take  two  pieces  of  window  glafs,  of  about 
3 by  2 inches,  place  a flip  of  brafs  or  gold  leaf 
between  them,  leaving  the  metallic  leaf  out  be- 
yond the  glafs  at  each  end ; then  place  the  two 
pieces  of  glafs  in  the  prefs  of  the  univerfal  dif- 
charger,  bring  the  points  of  the  wires  E Tf 
EF,  fig.  33,  to  touch  the  ends  of  the  leaves, 
and  pals  a difcharge  through  them,  which  will 
force  part  of  the  metal  into  the  glafs,  and  ftain 
it  with  a colour  which  differs  from  the  metal 
that  is  made  ufe  of.  The  metallic  leaf  ihould. 
be  made  narrowed  in  the  middle,  bccaufe  the 
force  of  the  eledtric  fire  is  in  proportion  to  its 
denfity,  which  is  increafed  when  the  fame  quan- 
tity of  fire  is  compelled  to  pafs  through  fewer 
conducting  particles. 


The 
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The  explofion  in  melting  the  flripes  of  leaf- 
gold,  &;c»  renders  them  non-condu&ing,  and 
lefs  capable  after  each  difcharge  to  tranfmit 
another.  Some  particles  of  the  metal  are  driven 
into  the  glafs,  which  is  really  melted  ; thofe 
parts  of  the  metal  which  lye  contiguous  to  the 
glafs  are  the  molt  perfectly  fufed.  The  pieces 
of  glafs  which  cover  the  flip  of  metal  are  gene- 
rally broken  to  pieces  by  the  difcharger. 

EXPERIMENT  CXXXVI. 

Place  a thick  piece  of  glafs  on  the  ivory  plate 
of  the  univerfal  difcharger,  fig.  3,  PI.  II,  and 
a thick  piece  of  ivpry  on  the  glafs,  on  which  a 
weight  from  one  to  feven  pounds  is  to  be  placed ; 
bring  the  points  of  the  wires  EF  ET  again!! 
the  edge  of  the  glafs,  and  pafs  the  difcharge 
through  the  wires,  by  connecting  one  of  the 
wires,  as  EF,  with  the  hook  C of  the  bat- 
tery, fig.  65,  PI.  IV,  and  forming  a communi- 
cation, when  the  battery  is  charged,  from  the 
other  wire  ET  to  the  ball,  and  the  glafs  will 
be  broken,  and  fome  part  of  it  Ihivered  to  an 
impalpable  powder.  When  the  piece  of  glafs 
is  firong  enough  to  refiit  the  fliock,  the  glals 
is  often  marked  by  the  explofion  with  the  mol! 
lively  and  beautiful  colours.  I have  been  in- 
formed 
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formed  by  Mr.  Morgan,  that  if  the  glafs  is 
cemented  down  the  effect  is  the  fame  as  when 
it  is  prefled  by  the  weights  ; and  this  mode  is  in 
various  experiments  more  convenient. 

Place  a piece  of  very  dry  white  wood  between 
the  balls  of  the  univerfal  difcharger,  the  fibres 
of  the  wood  to  be  in  the  fame  diredtion  with  the 
wires,  pafs  the  fliock  through  them,  and  the 
wood  will  be  tore  to  pieces,  or  run  the  points 
into  the  wood,  and  then  pafs  the  fhock  through 
them. 


EXPERIMENT  CXXXVII. 

If  the  difcharge  is  pafied  under  the  piece  of 
ivory  with  the  weights  upon  it,  without  any 
glafs  between  the  piece  of  ivory  and  the  table 
GH  of  the  univerfal  difcharger,  the  weights 
will  be  lifted  up  by  the  lateral  force  of  the  dif- 
charge ; the  number  of  weights  mult  be  pro- 
portioned to  the  force  of  the  explofion. 

EXPERIMENT  CXXXVIH. 

Fig.  66,  a,  reprefents  an  infulated  rod,  nearly 
touching  a charged  jar,  b is  another  infulated 
rod,  placed  in  a line  with  and  near  to  the  for- 
mer; make  the  difcharge  by  the*  rod  e,  from 
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which  a chain  hangs  that  does  not  touch  the 
bottom  of  the  jar,  and  the  rod  b will  receive 
an  eleCtric  fpark,  which  quits  it  again  almoft  in 
the  fame  inftant,  becaufe  the  fined:  threads 
hung  upon  it  will  not  be  electrified  by  the 
fpark. 

This  electrical  appearance,  without  the  cir-. 
cuit  of  a difcharging  jar,  is  called  the  Lateral 
Explofion. 

If  pieces  of  cork,  or  any  light  bodies,  be 
placed  near  the  explofion  of  a jar  or  battery, 
they  will  be  moved  out  of  their  place  in  all  dir 
reCtions  from  the  center  of  the  explofjon ; and 
the  greater  the  force  of  the  explofion,  fo  much 
greater  will  the  diftance  be  to  which  they  are 
removed.  It  is  not  furprifing,  therefore,  that 
heavy  bodies  fiiould  be  removed  to  confiderable 
diftances  by  a ftrong  flafh  of  lightening.  Dr, 
Prieflley  apprehends,  that  this  fpecies  of  lateral 
force  is  produced  by  the  explofion  of  the  air 
from  the  place  through  which  the  eleCtric  did* 
charge  paffes. 

This  lateral  force  is  not  only  exerted  in  the 
neighbourhood  of  an  explofion,  when  it  is 
made  between  pieces  of  metal  in  the  open  air, 
but  alfo  when  it  is  tranfmitted  through  pieces 
of  wire  that  are  not  thick  enough  to  conduCt  it 
perfectly.  The  fmaller  the  wire  is,  and  the 

greater 
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greater  the  fufion,  the  greater  is  the  difperfion 
of  light  bodies  near  it. 

experiment  cxxxix. 

If  circuits,  different  in  length  and  of  differ- 
ent fubftances,  form  a communication  between 
two  charged  furfaces  of  an  ele&ric  plate,  it  is 
obferved,  the  difeharge  will  be  made  through 
the  belt  conductors,  whatever  be  the  length  of 
the  others. 

2,  If  circuits  of  the  fame  fubftance  be  dif- 
ferent in  length,  the  difeharge  will  be  made 
through  the  Ihorteft  of  them. 

3.  If  the  circuits  be  the  fame  in  every  re- 
fpeCt,  the  difeharge  will  be  made  through  many 
of  them  at  the  fame  time.* 

If  one  circuit  confifts  of  undried  wood,  and  is 
of  confiderable  length  in  comparifon  of  another 
which  confifts  of  metal,  the  difeharge  will  be 
made  wholly  through  the  latter,  unlefs  the  charge 
fhould  be  very  great,  in  which  cafe  fome  fmall 
part  will  pafs  through  the  wood. 

If  a Ihort  metallic  rod  and  any  part  of  the 
human  body  form  two  circuits  between  the  fame 
charged  furfaces,  the  difeharge  will,  in  general, 
be  made  wholly  through  the  metallic  rod ; but 


* Atwood’s  Analyfis,  p.  119,  120. 
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if  the  charge  is  very  great,  or  if  the  rod  is  very 
flender,  or  if  it  fhould  be  v.ery  long,  in  either  of 
thefe  cafes  the  difcharge  may  be.  perceived  to 
pafs  through  that  part  of  the  body  which  forms 
one  of  the  circuits. 

This  will  be  the  cafe  when  the  charge  is  fmall, 
but  it  may  be  fo  increafed  as  to  pafs  through 
both  the  longer  and  fiiorter  circuits. 

I have  been  informed  by  a gentleman,  that- 
it  was  his  quftom  to  make  a variety  of  circuits 
for  the  difcharge  of  a large  jar  or  battery  ; and,, 
that  having,  a lufficient  number  of  thefe,  he 
could  introduce  himfelf  into  one  of  them,  and 
take  his  part  of  the  fhock  without  inconveni- 
ence, it  even  was  not  difagreeable  ; and.  he 
could  by  this  means  lelfen  the  fenfation  almoft  to 
nothing. 

EXPERIMENT  CXL, 

Mr,  He nly  made  a double  circuit,  the  firft 
by  an  iron  bar,  one  inch  and  a half  in  diame- 
ter, and  half  an  inch  thick ; the  fccond,  by 
four  feet  and  a half  of  fmall  chain.  On  dif- 
pharging  a jar,  containing  five  hundred  fquare 
inches  of  coated  furface,  the  eledbricity  pafled 
in  both  circuits,  fpqrks  being  vifible  on  the 
fmall  chain  in  many  places.  On  making  the 
difcharge  of  three  jars,  containing  together  fix- 
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teen  fquare  feet  of  coated  furface,  through 
three  different  chains  at  the  fame  time,  fig.  67, 
bright  fparks  were  :vifible  in  them  alt.  The 
chains  wefe  of  iron  and  brafs,  of  very  differ- 
ent lengths  ; the  fhortefl  ten  or  twelve  inches, 
the  longeft  many  feet'in  length.  When  thofe 
jars  were  difeharged  through  the  iron  bar  be- 
fore-mentioned, together  with  a ffnall  chain, 
three-quarters  of  a yard  in  length,  the  whole 
chain  was  illumined,  and  covered  throughout 
with  beautiful  rays,  like  bridles,  or  golden 
ham  Having  placed  a large  jar  in  conta6t 
with  tire  prime  conductor*  and  affixed  to  the 
Coating  of  it  an  iron  chain,  which  was  alfo  con- 
nected with  a plate  of  metal,  on  which  was 
made  the  difeharge  by  the  difehargiqg  rod  : 
this  done*  he  hooked  another  chain,  much 
longer,  and  of  brafs,  to  the  oppofite  fide  of 
the  jar,  and  brought  the  end  of  it"  within  eight 
inches-and  an  half  of  the  metal. .plate.  In  con- 
■ta6t  with  this  end  a fmall  oak  dick  was  laid, 
eight  inches  long,  which  was  covered  with 

t i.  * t r t j ( j • 7 

faw-duft  of  fir-wood.  On  making  the  dif- 


eharge upon  the  plate,  both  the  chains  were 
luminous  through  their  whole,  lengths,  as  was 
alfo  the  faw-dud,  which  was  covered  by  a dreak 
of  light,  making  a very  pleafing.  appearance. 

At  the  glafs-houie  there  is  generally  a great 
number  of  folid  dicks  of  glafs,  about  one  quar-^ 
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ter  of  an  inch  diameter  ; if  thefe  be  examined 
narrowly,  feveral  of  them  will  be  found  tubu- 
lar a confiderable  length  ; the  diameter  of  the 
cavity  feldom  exceeds  the  200th  part  of  an  inch. 
Seledt  and  break  off  the  tubular  part,  which 
may  be  filled  with  quickfilver  by  fucking,  care 
being  taken  that  no  moifture  previoufly  infinu- 
ates  itfelf ; the  tube  will  then  be  prepared 
for  the  experiment. 

< I * • | . • 

- • • •-*  * * • t • 4 4 

EXPERIMENT  CXLI. 

* f » 1 « 

Pafs  the  fhock  through  this  fmall  thread  of 
quickfilver,  which  will  be  inflantly  difploded, 
and  will  break  or  fplit  the  tube  in  a curious 
manner,  -f* 

r ' , , .v 

* 

EXPERIMENT  CXLir. 

Take  a glafs  tube,  the  bore  of  which  is  about 
one  quarter  of  an  inch,  fill  it  with  water,  and 
flop  the  ends  with  cork,  infert  two  wires 
through  the  corks  into  the  tube,  fo  that  their 
ends  may  nearly  touch,  make  the  ends  of  thefe 
part  of  a circuit  from  a battery ; on  the  dif- 

■j*  Nicholfon's  Introdudfion  to  Philofophy,  p.413. 
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charge,  the  water  will  be  difperfed  in  every  di- 
rection, and  the  tube  blown  to  pieces  by  the 
difcharge. 

The  eleCtric  fluid,  like  common  fire,  con- 
verts the  water  into  an  highly  elaftic  vapour. 
Dr.  Franklin,  on  repeating  this  experiment 
with  ink,  could  not  find  the  lead;  ftain  upon 
the  white  paper,  on  which  the  tube  had  been 
placed.  Beccaria  palled  the  fhock  through  a 
drop  of  water,  which  was  fupported,  in  the 
center  of  a folid  glafs  ball,  between  the  ends 
of  two  iron  wires,  and  the  ball  was  fhivered  in 
pieces  by  the  explofion.  On  this  principle  he 
contrived  what  he  calls  an  electrical  mortar, 
which  will  throw  a fmall  leaden  ball  to  the  dif- 
tance  of  twenty  feet.  It  is  clear,  from  feveral 
of  the  foregoing  experiments,  that  the. eleCtric 
fluid  endeavours  to  explode  in  every  direction 
the  parts  of  the  refilling  fubftances  through 
which  it  paflesi 

EXPERIMENT  CXLIII. 

m * t » > 

Place  a building,  which  is  formed  of  feve- 
ral loofe  pieces  of  wood,  on  a wet  board  in  the 
middle  of  a large  bafon  of  water,  let  the  elec- 
tric flalh  from  a battery  be  made  to  pafs  over 
the  board,  or  over  the  water,  or  over  both  ; 
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the  water  will  be  ftrongly  agitated,  and  the 
building  thrown  down*  The  report  is  louder 
than  when  the  explofion  pafles  only  through 
the  air*  The  ele&ric  fluid  endeavours  to  pafs 
near  the  furface  of  the  water  where  it  meets 
with  more  refiftance,  than  if  it  is  forced  to  pafs 
through  it*  This  partly  arifes  from  the  power 
the  electric  fluid  has  of  railing  an  expanfive 
vapour  from  the  furface  of  the  water,  which 
drives  off  the  refilling  air. 

A difcharge  paffed  over  the  furface  of  a piece 
of  ice  will  leave  on  it  fmall  unequal  cavities, 
exhibiting  the  fame  appearance  as  if  a hot  chain 
had  been  placed  on  it. 

A difcharge  fent  through  a green  leaf  tears 
the  furface  in  various  directions,  leaving  an 
image  in  miniature  of  fame  of  the  effects  of 
lightening.  A difcharge  will  pafs  to  a certain 
diflance  over  fpirit  of  wine,  without  inflaming 
it;  but,  if  the  diflance  is  increafed,  it  will  fet 
it  on  fire.  From  hence  it  appears,  that  the 
facility  with  which  the  eleCtric  fire  is  tranfmit- 
ted  over  the  furface  of  moifl  fubflances,  de- 
pends on  the  eafe  with  which  they  are  turned 
into  vapours. 

The  difcharge,  in  melting  the  particles  of 
metals,  drives  into  its  paffage  the  condu&ing 
vapours  which  arife  from  them ; and,  in  pro- 
portion 
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portion  as  the  parts  of  any  body  are  more  rea- 
dily driven  into  vapour  or  duft,  the  fpark  will 
run  to  a greater  diftance* 

I I , * 4 t 
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EXPERIMENT  CXLIV. 

. ,/'.>>  1 . • ' ! ' .ft  0 I 

V • 

If  a wire  is  ftretched  by  weights,  and  a 
fhock  is  fent  through  it  that  will  render  it  red 
hot,  it  is  found  to  be  conliderably  lengthened 
after  the  difcharge.  When  the  wire  is  loofe, 

it  is  faid  to  be  fhortened  by  the  explofion. 

■ > 

: * i . J ' J ' * 

EXPERIMENT  CXLV. 

. r * 1 * t 

. : 1 ■ . j n -t  , f 

If  a long  narrow  trough  of  water  is  made 
part  of  the  circuit  in  the  difcharge  of  a battery, 
and  a perfon’s  hand  be  immerged  in  the  water 
at  the  time  of  the  explolion,  he  will  feel  an  odd 
vibration  in  the  water,  very  different  from  an 
clerical  fhock.  The  quick  ftroke  from  the 
repercuffion  of  the  air  and  the  vapour,  is  com- 
municated to  the  hand  by  the  water,  and  the 
hand  receives  a fhock  fimilar  to  that  received 
fey  a fhip  at  fea  during  an  earthquake. 

EXPERIMENT  CXLVI. 

I 

Place  a plain  piece  of  metal  between  the 
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points  of  the  univerfal  difcharger,  pafs  feveral 
explofions  of  a battery  through  the  wires,  and 
the  difcharges  will  gradually  form  on  the 
metal  different  circles,  beautifully  tinged  with 
the  prilmatic  colours*  The  circles  appear 
fooner,  and  are  clofer  to  each  other,  the  nearer 
the  point  is  to  the  furface  of  the  metal.  The 
number  of  rings,  or  circles,  depend  on  the 
lharpnefs  of  the  point;  the  experiment  there- 
fore fucceeds  better  if  a fhatp  needle  is  fattened 
to  one  of  the  points  of  the  difcharger. 

Several  very  curious  experiments  were  made 
by  Dr.  Watfon  and  others,  to  afeertain  the  dif* 
tance  to  which  the  eledtric  Ihock  might  be 
conveyed,  and  the  velocity  with  which  it  moves. 
In  his  firft  experiment  the  fhock  was  given 
and  fpirits  fired  by  the  eledtric  matter  which 
had  been  conveyed  through  the  river  Thames* 
In  the  next  experiment,  the  eledtric  fluid  was 
made  to  pafs  through  a circuit  of  two  miles, 
crofling  the  New-river  twice,  going  over  feveral 
gravel-pits,  and  a large  field.  It  was  afterwards 
conveyed  through  a circuit  of  four  miles.  It 
paffed  over  thefe  fpaces  inftantaneoufly  as  to 
fenfe.  This  fenfible  inftantanietv  in  the  motion 
of  the  eledtric  fluid,  was  afeertained  by  an  ob- 
ferver,  who,  though  in  the  room  with  the 
charged  phial,  was,  at  the  fame  time,  in  the 

middle 
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middle  of  a circuit  of  two  miles,  and  felt  him- 
felf  Ihocked  at  the  fame  inftant  he  faw  the  phial 
difcharged. 

Notwithftanding  this  furprizing  velocity,  it 
is  certain,  that  both  fides  of  a charged  phial 
may  be  touched  fo  quickly,  even  by  the  beft 
condudtors,  that  all  the  eledtric  matter  has  not 
time  to  make  the  circuit,  and  the  phial  will 
remain  but  half  difcharged ; and  there  are  fe- 
veral  inftances  where  the  motion  appears  flow, 
and  not  eafily  reconcilable  with  this  immeafura- 
ble  velocity ; and  it  is  alfo  certain,  that  this 
fluid  is  refilled  in  its  paflage  through,  or  over, 
every  fubftance. 

The  wonderful  part  of  the  foregoing  experi- 
ments will  vanifh,  if  we  admit  the  reafoning  of 
Mr.  Volta  on  this  fubjedt ; and  the  reader  will 
find  his  reafoning  confiderably  flrengthened  by 
experiments  cxx,  cxxi,  cxxn  of  this  eflay, 
which  were  originally  made  by  Mr.  Atwood  ; 
though  it  muft  be  owned,  thefe  experiments 
feem  to  lead  much  further,  and  give  an  idea  of 
the  diredtion  of  the  eledlric  fluid  in  the  dif- 
charge  of  the  Leyden  phial,  which  differs  alto- 
gether from  the  received  theory. 

The  following  account  is  extradled  from  a 
very  long  paper  of  Mr.  Volta,  in  the  Journal 
de  Phvfique  for  1779  : 

Let 
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Let  us  fuppdfe  that  a,  b,  r,  di  e,  /,  g,  bf 
i , k,  l,  m,  n , 0,  hold  hands  j let  a grafp 
the  outfide  of  a charged  Leyden  phial,  and  0 
touch  the  knob  ; at  the  inftant  0 receives  the 
fire  difeharged  from  the  infide  by  the  knob,  a 
will  furnifh  from  his  natural  flock  to  the  out- 
fide, without  waiting  till  the  fire  arrives  to  him 
from  0,  by  n , to  m , &c.  in  the  mean  while 
^he  lofs  of  a is  compenfated  from  b,  and  b 
is  furnifhed  with  frefli  matter  from  c,  and  fo 
on.  It  is  ftill  true,  that  there  is  but  one 
Hr  earn,  if  we  confider  only  the  direction  of  the 
fluid,  which  is  excited  fimultaneoufly  at  the 
two  extremities,  and  moves  at  the  fame  inflant 
of  time ; though,  to  fpeak  more  accurately, 
it  is  not  one  ftream,  but  two  united  in  one. 
If  the  extream  rapidity  with  which  the  fire 
pafles,  did  not  prevent  our  perceiving  the  fuc- 
ceflive  commotions  received  by  the  perfons  who 
form  the  chain,  we  fhould  find  they  did  not 
follow  the  order  0,  n , m , /,  but  were  felt 
fimultaneoufly,  firft  at  the  two  extremities  0 
and  a,  then  at  n and  b , m and  c9  &c.  advan- 
cing towards  the  middle  of  the  chain.  Agree* 
able  to  this,  if  the  bottle  is  fmall,  the  longer 
the  circuit  is  made,  thofe  who  are  furthefl 
from  the  extremities  find  the  fbock  weaker# 
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To  render  this  account  more  clear,  feparate 
the  circuit,  and  form  on  a dry  floor  two  rows, 
4,  by  C,  dy  — e,  f,  g,  hy  interrupted  in  the 
middle;  let  e gralp  the  bottle  by  the  outfide, 
and  a excite  the  difcharge  by  touching  the 
knob  of  the  bottle;,  now,  if  the  eledtric  fire  was. 
obliged  to  take  the  Iho.rteft  courfe  to  come  to 
the  exterior  and  negative  furface,  it  ought  to 
defcend  to  the  feet  of  e , pals  over  the  boards 
to  the  feet  of  e , and  then  through  him  to  the 
outfide,  without  adting  on  f,  gy  h which 
would  be  out  of  its  circuit.  But,,  contrary  to 
this,  the  fluid  gpes  out  of  the  diredt  courfe,  to 
follow  that  of  the  condudting  perfons,  which 
afford  it  a proper  receptacle,  and  comes  to  the 
outfide  by  another  fource,  The  fire  which  goes 
from  the  infide  from  e to  /,  g , h,  gives  them 
a fenfible  fenfatipn  in  their  hands  and  their 
heels,  fhewing  itfelf  by  a fpark,  if  the  hands 
and  the  feet  are  feparated  a little  from  each 
other,  and  finishes  by  diflipating  itfelf  in  the 
common  refervoir.  In  the  fame  manner  dy 
who  firfl:  gives  the  fire  to  the  outfide,  receives 
it  fucceflively  from  c,  by  a,  who  all  draw  it 
in  from  the  floor.  The  ftream  therefore  which 
proceeds  from  the  knob  of  the  bottle,  pafling 
through  the  condudting  fubftance,  lofes  itfelf 
-in  the  general  fource ; while,  from  the  fame 

fource. 
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fonrce,  a fufficient  quantity  is  taken  to  fupply 
the  deficiency  of  the  exterior  furface. 

If  /,  g,  h,  do  not  form  a chain,  hut  are 
irregularly  placed  round  e,  the  politive  part  of 
the  fluid  may  be  feen  to  fpread  itfelf  on  differ- 
ent  fides,  and  divide  itfelf  in  different  branches 
to  reach  the  floor.  The  fluid  will  in  the  fame 
manner  rife  from  the  floor  to  reach  d,  if  a , b , 
and  c , are  irregularly  placed  round  him  ; fo 
that  each  furface  excites  its  own  flream  ; one 
that  enters  the  bottle,  the  other  proceeding 
from  it.  Thus  alfo,  in  the  foregoing  experi- 
ments of  Dr.  Watfon,  where  it  has  been  fup- 
pofed  that  the  eleClric  fluid  has  made  fuch 
amazing  circuits  through  rivers,  over  fields, 
&c.  The  fluid  from  the  infide  was  difperfed 
in  the  river,  at  the  inffant  that  the  outfide  col- 
lected, from  the  fame  fource,  fupplies  for  its 
own  deficiency. 

It  appears  alfo,  from  other  experiments, 
that  one  fide  of  a charged  eledtric  may  contain 
more  of  one  power  than  is  fufficient  to  balance 
the  contrary  power  on  the  other  fide.  For,  if 
a charged  jar  is  infulated,  and  the  difcharge  is 
made  by  a difcharger  with  a glafs  handle,  after 
the  explofion,  the  difcharger,  and  both  fides  of 
the  jar,  will  pofTefs  a contrary  power  to  that 
which  obtained  on  the  fide  of  the  jar,  which 
was  touched  the  laft  before  the  difcharge. 

CHAP, 
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CHAP.  IXf 

» i ■ » 

ON  THE  INFLUENCE  OF  POINTED  CONDUCTORS 
FOR  BUILDINGS. 

r | ' H E importance  of  eleCtncity,  as  well  as 
“*■  its  univerfal  agency,  becomes  more  con- 
fpicuous,  in  proportion  as  our  acquaintance 
with  it  increafes.  We  find  no  fubftance  in 
nature  which  is  not  aCted  on  by  it,  either  as  a con- 
ductor or  non-conduCtorj  and  difcover,  that  the 
furprifing  phenomena  of  thunder  and  lightening, 
owe  their  origin  to,  and  are  of  the  fame  nature 
with  it.  Very  little  progrefs  had  been  made  in 
eleCtricity,  when  the  analogy  between  the  elec- 
tric fpark  and  lightening  was  difcovered : but 
the  lublime  idea  of  realizing  thefe  conjectures, 
and  proving  that  the  fire  which  flafhes  in  the 
iky,  is  the  fame  agent  which  explodes  and  gives 
a ihock  in  our  experiments,  was  given  to  Dr. 
Franklin  ; who  alfo  firfl  fuggefted  th«  utility  of 
pointed  conductors  of  metal,  to  preferve  build- 
ings from  the  dreadful  effeCts  of  lightening ; an 
idea  which  was  received  with  general  applaufe 
and  approbation.  Since  this  period,  many 
electricians  have  been  induced  to  change  their 
opinion  relative  to  the  utility  of  thefe  conduc- 
tors ; 
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tors ; and  among  thofe  who  underftand  the  fub- 
jedl  well,  it  has  been  difputed,.  whether  the  pre- 
ference fhould  be  given  to  a conductor  with  a 
pointed  end,  or  to  one  which  has  an  obtufc 
termination. 

The  experiments  which  have  been  made  on 
this  fubjedt  are  very  numerous but  the  greater 
part  appear  to  me  very  inconclufive,  and  pre-,. 
fent  only  a very  partial  view  of  the  fubjedl. 
Among  thefe  we  may  reckon  thofe  in  which  dif- 
ferent fubftances  have  been  introduced,  to  repre- 
fent  the  action  of  condutors  on  clouds ; fince  the 
various  fubftances  made  ufe  of  in  thefe  expert 
ments,  were  cohering  maffes,  in  which  they  differ 
effentially  from  the  clouds  which  float  in  the  air. 
It  appears  alfo,  from  many  inftances,  that 
lightening  does  not  pafs  in  one  undivided  tradl, 
but  that  neighbouring  bodies  carry  off  their 
lhare,  according  to  their  quantity  and  condudT 
ing  power. 

A pointed  conductor,  which  communicate^ 
with  the  earth,  has  not  any  particular  power  of 
attrating  eletricity,  and  ats  only  as  any  other 
conducting  fubftance,  which  does  not  refill  the 
paffage  of  the  eledtric  fluid. 

It  is  true,  that  electricity  paffes  with  more 
cafe  from  an  electrified  body  to  a conductor 
which  is  pointed,  than  to  one  which  is  flat  or 

globular ; 
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globular  ; becaufe,  in  this  cafe,  the  elafticity  oi 
the  eleCtric  fluid,  and  its  power  to  break  through 
the  air,  are  weakened  by  the  flat  furfacff*  which 
acquires  a contrary  eleCtricity,  and  compenfates 
the  diminifhed  intenfity  more  than  a point  can  ; 
the  point  being  eafily  rendered  negative,  while  the 
effort  of  the  fluid  to  efcape  from  the  eleCtrified 
body,  is  greater  than  when  it  is  oppofed  by  a flat 
furface.  So  that  it  is  not  the  particular  proper- 
ty of  a point,  or  flat,  but  the  different  ftate  of 
the  eleCtrified  body,  which  caufes  it  to  part  with 
its  electricity  eafier,  and  from  a greater  diftance, 
when  a pointed  conducting  fubftance  isprefented 
to  it,  than  it  does  to  a flat  or  globular  conductor.* 

The  capacity  of  conductors  to  hold  eleCtricity, 
is  in  proportion  to  the  furfaces  which  are  free, 
or  uninfluenced  by  a fimilar  atmofphere  ; a cir- 
cumftance  which  will,  more  or  lefs,  affeCt  thofe 
conductors  which  are  applied  to  buildings, 
according  to  the  ftate  of  the  clouds  and  their  at- 
mofphere, the  time  their  influence  has  been 
exerted,  the  nature  of  the  conducting  flxata  of 
the  earth,  and  its  eleCtric  fituation. 

Befides,  the  eleCtric  powers  muft  be  fepar- 
ated  before  any  body  can  be  electrified ; and 
the  point  muft  be  in  a ftate  to  give  one  kind  of 
eleCtricity,  before  it  can  receive  the  other. 

N They  # 
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They  cannot  a£t  beyond  the  ele&ric  atmofphere 
of  the  body  to  which  they  are  prefented,  and  their 
adlionis  differently  modified  by  the  date  of  the  air. 

Fig.  68  reprefents  the  gable  end  of  a houfe, 
fixed  vertically  on  the  horizontal  board  F G ; 
a fquare  hole  is  made  in  the  gable  end  at  h i, 
into  which  a piece  of  wood  is  fitted  ; a wire  is 
inferted  in  the  diagonal  of  this  little  piece  ; two 
wires  are  alfo  fitted  to  the  gable  end ; the  lower 
end  of  one  wire  terminating  at  the  upper  corner 
of  the  fquare  hole  -0  the  top  of  the  other  wire  is 
fixed  to  its  lower  corner ; the  brafs  ball  on  the 
wire  may  be  taken  off,  in  order  that  the  pointed 
end  may  be  ocoafionally  expoled  to  receive  the 
explofion. 

EXPERIMENT  CXLVII. 

Place  a jar  with  its  knob,  in  conta6l  with  the 
condu£tor,  conneft  the  bottom  of  the  jar  with 
the  hook  H,  then  charge  the  jar,  and  bring  the 
ball  under  the  conductor,  and  the  jar  will  be  dis- 
charged by  an  explofion  from  the  conductor  to  the 
ball  of  the  houfe.  The  wires  and  chain  being 
all  in  connexion,  the  fire  will  be  conveyed  to  the 
outfide  of  the  jar,  without  affecting  the  houfe: 
but  if  the  fquare  piece  of  wood  is  placed  fo  that 
the  wires  are  not  connected,  but  the  communica- 
tion 
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tion  cut  off,  the  eleCtric  fluid,  in  palling  to  the 
outfide  of  the  bottle,  will  throw  out  the  little 
piece  of  wood  to  a confiderable  diftance,  by  the 
lateral  force  of  the  explofion.  See  fig.  68. 

Unfcrew  the  ball,  and  let  the  point  which  is 
underneath,  be  preferred  to  the  conductor,  and 
then  you  will  not  be  able  to  charge  the  jar;  for 
the  lharp  point  gradually  draws  the  fire  from  the 
conductor,  and  conveys  it  to  the  coating  on  the 
outfide  of  the  jar. 

The  prime  conductor  is  fuppofed  to  reprefent 
a thunder  cloud  difcharging  its  contents  on  a 
weather  cock,  or  any  other  metal,  at  the  top  of 
a building.  From  this  experiment  many  have 
inferred,  that  if  thei*e  is  a connection  of  metal 
to  conduCt  the  eleCtric  fluid  down  to  the  earth, 
the  building  will  receive  no  damage ; but  where 
the  connection  is  imperfeCt,  it  will  ftrike  from 
one  part  to  another,  and  thus  endanger  the  whole 
building. 


EXPERIMENT  CXLVIII. 

Mr.  Henly  affixed  to  the  top  of  a glafs  ftand 
a wire,  three-eighths  of  an  inch  in  diameter,  ter- 
minated at  one  end  by  a ball,  three-fourths  of  an 
inch  in  diameter,  and  at  the  other  end  by  a very 
lharp  point;  (fee  fig.  69.)  round  the  middle  of 
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this  wire  hung  a chain,  twelve  inches  long  5 
he  connected  the  chain  with  the  coating  of  a 
charged  bottle,  and  brought  the  knob  of  it  very 
gently  towards  the  ball  on  the  infulated  wire,  in 
order  to  obferve  precifelv,  at  what  diftance  it 
would  be  difcharged  upon  it,  which  conftantly 
happened  at  the  diftance  of  half  an  inch,  with  a 
loud  and  full  explofion.  Then  charging  the  bot- 
tle, he  brought  it  in  the  fame  gradual  manner 
towards  the  point  of  the  infulated  wire,  to  try 
alfo  at  what  diftance  it  would  be  ftruck ; but  this 
in  many  trials,  never  happened  at  all ; the  point 
being  approached  in  this  gradual  manner,  always 
drew  off  the  charge  imperceptibly,  leaving  fcarce 
a fpark  in  the  bottle. 

EXPERIMENT  CXLIX. 

The  fame  gentleman  connected  ajar,  contain- 
ing 509  fquare  inches  of  coated  furface,  with 
the  prime  conductor ; fee  fig.  68.  If  the  jar 
was  fo  charged  as  to  raife  the  ele£lrometer  to 

O 

6o°,  by  bringing  the  ball  on  the  wire  of  the 
thunder  houfe,  to  half  an  inch  diftance  from 
that  conne&ed  with  the  prim6  condu&or,  the 
jar  would  be  difcharged,  and  the  piece  in  the 
thunder  houfe  thrown  out  to  a confiderable  dif- 
diftance.  Uftng  a pointed  wire  as  a conductor 

to- 
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to  the  thunder  houfe,  inftead  of  the  knob,  the 
charge  being  the  fame,  the  jar  was  difcharged 
filently,  though  fuddenly,  and  the  piece  was  not 
thrown  out. 


EXPERIMENT  CL. 

He  afterwards  made  a double  circuit  to  the 
thunder  houfe ; the  firfl  by  a knob,  the  fecond 
by  a fharp  pointed  wire,  at  an  inch  and  a quarter 
diftance  from  each  other,  but  exadtly  the  fame 
height.  The  charge  being  the  fame,  the  knob 
was  firfl  brought  under  the  prime  condudlor, 
which  was  half  an  inch  above  it,  and'  followed 
by  the  point  at  an  inch  and  a quarter  diftance, 
yet  no  explofion  fell  upon  the  ball,  as  the  point 
drew  off  the  charge  filently,  and  the  piece  in  the 
thunder  houfe  remained  unmoved. 

EXPERIMENT  CLI. 

He  infulated  a large  jar,  and  connedted,  by 
chains,  with  the  external  coating,  on  one  fide,  a 
knob,  on  the  other  a fharp  pointed  wire,  both 
being  infulated,  and  Handing  five  inches  from 
each  other,  (fee  fig.  70,)  and  placed  an  infulated 
copper  ball,  eight  inches  in  diameter,  fo  as  to 
Hand  exadlly  at  half  an  inch  difiance  both  from 
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the  knob  and  the  point;  the  jar  was  them  charg- 
ed, and  the  difcharge  made  by  the  difcharging 
rod  on  the  copper  ball,  from  whence  it  leaped 
to  the  knob  A,  which  was  three  quarters  of  an 
inch  in  diameter,  the  jar  was  difcharged  by  a 
loud  and  full  explolion,  and  the  chain  was  very 
luminous. 


experiment  clii. 

Mr.  Henly  fufpended  by  a filk  firing,  from 
one  end  of  a wooden  bar,  which  turned  freely  in 

a horizontal  direction  upon  the  point  of  a needle, 

> 

a large  bullocks  bladder,  gilded  with  leaf  copper; 
the  bladder  was  balanced  by  a weight  at  the 
other  end  of  the  arm ; (fee  fig.  7 1 ;)  he  gave  a 
ftrong  fpark  from  the  knob  of  a charged  phial 
to  the  bladder ; he  then  prefented  towards  it  a 
brafs  ball,  two  inches  in  diameter,  and  obferved 
that  the  bladder  would  come  towards  it  at  the  dis- 
tance of  three  inches  ; and  when  it  got  within  an 
inch,  would  throw  off  its  eleCtricity  in  a full 
fpark.  He  then  gave  it  another  fpark,  and 
prefented  a pointed  wire  towards  the  bladder, 
which  never  approached  to  the  point,  nor  ever 
gave  any  fpark,  the  electricity  being  carried  off. 
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EXPERIMENT  CLIII. 

T ake  two  or  three  fine  locks  of  cotton,  fatten 
one  of  them  to  the  conductor  by  a fine  thread, 
another  lock  to  that,  and  a third  to  the  fecond, 
put  the  machine  in  action,  and  the  locks  of  cot- 
ton will  expand  their  filaments,  and  will  extend 
themfelves  towards  the  table.  Prelent  a fharp 
point  under  the  loweft,  and  it  will  fhrink  up  to- 
wards the  fecond,  and  this  towards  the  firtt,  and 

i 

altogether  towards  the  prime  conductor,  where 
they  will  continue  as  long  as  the  point  remains 
under  them. 

EXPERIMENT  CLIV. 

Fatten  a number  of  fine  threads  or  hair,  to  the 
end  of  the  prime  conductor ; when  the  cylinder 
is  turned,  thefe  will  diverge  like  rays  proceeding 
from  a center : continue  turning  the  cylinder, 
and  prefent  a point  towards  one  fide  of  the  con- 
ductor, and  the  threads  on  one  fide  will  hang 
down,  and  lofe  their  divergence,  but  thofe  on 
the  other  fide  will  fall  continue  to  diverge ; 
which  fhews,  that  the  power  of  points  to  draw 
off  electricity,  does  not  extend  round  the  electri- 
fied body,  when  means  are  ufed  to  keep  up  the 
fupply  of  electricity. 

N 4 Fig. 
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Fig.  72  reprefents  an  oval  board,  three  feet 
long  and  two  feet  broad,  coated  on  both  fides 
with  tin-foil,  and  fufpended  by  filk  lines  from 
a double  hook ; this  turns  on  an  axis,  which  is 
faftened  to  one  arm  of  a nice  balance,  and 
counter-poifed  at  the  other  arm  by  a weight ; 
part  of  the  table  underneath  the  board,  is  to  be 
covered  with  tin -foil,  and  communicate  to  the 
floor  by  a chain. 

EXPERIMENT  CLV. 

Connedt  the  pendulous  board  with  the  prime 
conductor  by  a fmall  wire,  a few  turns  of  the 
machine  will  eledhify  the  apparatus.  When  this 
experiment  was  made,  the  board  was  attradfed 
by  the  table  at  fifteen  inches  diftance,  and  dif- 
charged  itfelf  with  a ftrong  fpark.  The  fame 
happened  to  a metal  ball  which  was  placed  on  the 
table,  the  board  approaching  till  it  was  about  one 
inch  from  the  ball,  and  then  difcharging  itfelf 
by  a fpark.  If  a point  is  fixed  on  the  board  in- 
fiead  of  a knob,  the  pendulous  board,  though  it 
begins  to  approach,  flops  at  about  four  or  five 
inches  from  the  table,  and  it  will  not  approach 
nearer,  or  give  a fpark  : a fmall  light  is  feen 
upon  the  point  in  the  dark.  A Leyden  phial 
was  then  connected  with  the  prime  condudtor ; 

it 
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it  now  required  more  turns  of  the  machine  to 
charge  the  apparatus ; the  effect  was  the  fame  as 
before.  The  counterpoife  was  now  held,  that 
the  board  might  not  defcend  till  it  had  received  a 
full  charge  : when  fet  at  liberty,  it  was  not  only 
attracted  by,  but  alfo  gave  a loud  explofion  on 
the  point,  infomuch,  that  the  tin-foil  round  it 
was  ftained  by  the  overflowing  of  the  fire. 

The  following  experiment  is  extracted  from 
“ An  Account  of  Experiments  made  at  the 
Pantheon,  on  the  Nature  and  Ufe  of  Con- 
ductors,” by  Mr.  Wilfon.  It  was  made  in  order 
to  point  out  what  he  deemed  erroneous  in  an  ex- 
periment of  Mr.  Henly,  which  is  the  151ft  of 
this  Effay, 

The  circuit  of  communication  was  divided  in- 
to two  parts : 

A bent  rod  of  brafs,  with  a ball  of  the  fame 
metal,  three  quarters  of  an  inch  in  diameter, 
fcrewed  on  to  the  upper  extremity  of  it,  and  a 
copper  ball,  five  inches  in  diameter,  fcrewed  on 
to  the  lower  end,  forms  one  of  the  parts.  This 
part  was  fupported  by  a Hand  of  wood  that  had  a 
cap  of  brafs  at  the  top,  into  which  the  brafs  rod 
was  occafionally  fcrewed. 
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The  other  part  of  the  circuit  confifted  of  a 
brafs  rod  alfo  ; one  end  of  which  branched  out 
in  the  form  of  a fork,  with  two  prongs  that 
pointed  towards  the  center  of  the  copper  ball ; 
and  thofe  prongs  were  fo  conftrudted,  that  either 
of  them  could  be  made  longer  or  ihorter,  juft  as 
the  experiment  required.  On  the  end  of  one  of 
the  prongs  was  fixed  a ball  of  brafs,  three 
quarters  of  an  inch  in  diameter,  and  on  the 
other  a fharp  fteel  point  or  needle.  The  fhoul- 
der  of  this  fork  fcrewed  into  a fmall  plate  of  iron, 
that  was  fixed  on  the  infide  of  a wooden  veflel, 
which  contained  the  greateft  part  of  a cylindrical 
glafs  jar,  twelve  inches  three  quarters  high,  and 
about  four  inches  in  diameter.  This  glafs  was 
rather  thick  than  otherwife,  and  the  coating  of 
it  (which  was  tin-foil)  meafured  nearly  144. 
fquare  inches  on  each  furface.  Befides  this 
coating,  part  of  the  infide  of  the  wooden  veflel 
was  coated  alfo  with  tin-foil,  for  the  purpofe  of 
making  a fecure  communication  between  the 
iron  plate  and  the  outward  coating  of  the  jar. 
Within  the  jar  itfelf,  was  fitted  a cylinder  of 
wood,  that  was  covered  with  tin -foil  alfo,  to 
make  a communication  between  the  infide  coat- 
ing of  the  glafs  and  a brafs  rod,  that  was  fixed 
upright  in  the  center  of  the  wooden  cylinder. 
This  upright  rod  having  a ball  of  brafs  at  the 
' end. 
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end,  three  quarters  of  an  inch  in  diameter, 
was  bent  towards  the  fir  ft  part  of  the  circuit ; 
fo  that  the  two  balls  A and  B,  in  fig.  73,  being 
upon  a level,  looked  towards  each  other,  but 
were  placed  from  time  to  time  at  different 
diftances,  as  occafion  required;  and  thus  an- 
fvvered  the  purpofe  of  an  electrometer. 

Mr.  Wilfon  began  the  experiments  where 
the  electrometer  was  ftruck  at  the  greateft 
diftance,  and  then  adjufted  the  diftances  of  the 
ball  accordingly  ; fo  that  if  the  point  was 
ftruck  when  they  were  adjufted,  the  moving  of 
the  ball  the  thirty-fecond  part  of  an  inch  would 
occafion  the  ball  to  be  ftruck  in  preference  to 
the  point,  and  vice  verfa . Afterwards  he  leffened 
the  ftriking  diftance  of  the  electrometer,  in 
every  experiment,  till  he  attained  the  leaf!: 
diftance. 

Upon  reverfing  part  of  the  apparatus,  and 
fixing  the  ball  to  the  bottle,  and  the  fork  to 
the  ftand,  all  thofe  experiments  were  repeated 
again  ; the  copper  ball  being  put  neareft  to  the 
glafs,  in  the  place  of  the  forked  part,  and  the 
forked  part  in  the  place  of  the  copper  ball. 
This  fet  of  experiments  being  compleated,  he 
made  others,  where  the  ball  only  was  oppofed  ; 
and  after  them,  where  the  point  only  was  op- 
pefed  to  the  copper  ball. 
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Having  gone  through  all  thefe  experiments, 
as  they  are  fet  down  in  the  firft  table,  he  then 
repeated  the  experiment  with  the  chain,  after 
Mr.  Henly’s  manner.  The  refult  of  which, 
and  with  the  apparatus  reverfed,  will  appear 
ip  the  fecond  table. 
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TABLE  I. 

EXPERIMENTS  MADE  AT  DR.  HIGGINS’S,  JUNE  I 9, 
1778,  WITH  THE  LEYDEN  PHIAL  AND  FORKED 
APPARATUS. 


N-  B.  The  meafures  expreiTed  in  the  following  tables  were 
taken  from  a fcale  containing  32  parts  in  one  inch. 

The  number  oppofite  the  word  electrometer,  denotes  the 
diftance  between  the  balls  which  conltitute  the  electro- 
meter ; and  the  numbers  oppolite  to  the  words  ball  and 
point,  (hew  the  greateft  diftancc  at  which  they  were  re- 
fpeCtively  ftruck. 


Ball  and  Point  oppojite 
the  Leyden  Phial . 

f EleCtrometer 

I.  J Ball 

[ Point  — — 

E. 

II. 


III. 


IV. 


V. 


VI. 


VII. 


Ball  Pt. 

only.  only. 

32  r 32  f 32 
28  f 28 


10  f 10  f 10 
12^  IOC 

*8  l- l 


apparatus 
revcrfcd . 


Ball  Pt. 
only.  only. 


:i(p 


20 


TABLE 


190 


A N ESSAY  ON 

TABLE  II. 


EXPERIMENTS  WITH  THE  CHAIN,  AFTER  MR. 

henly’s  manner. 

Point  and  Ball  oppojite 


the  Leyden  Phial. 


” Electrometer  — 

21  — 

— 

r -\ 

23 

f 

repeated 

* Ball  — — 

26  — 

— * 

28 

► at  differ-  < 

Point  — — 

V 

24  — 

— 

26 

ent  times. 

1 

apparatus  r overfed. 


23 
26 

13° 

TABLE  III. 

THE  EXPERIMENTS  OF  THE  2d  AND  3d  TABLE,: 
REPEATED  AT  MR.  PARTINGTON’S,  JUNE 
1778,  A BRASS  CHAIN  BEING  MADE  USE  OF 
INSTEAD  OF  THE  FORKED  APPARATUS. 

Apparatus  B.  P , 

r ever  fed.  only.  only. 

32 


Ball  and  P obit  oppojite  B.  P. 

the  Leyden  Phial.  only.  only. 


' Eleftrometer  32 


( alter-  J ^ 

j nately . j ^ 


21  1 

— 24  >- Apparatus  reverfed 


f 10  J alter- 
) 11  ( nately. I 1 Ta 

l 19  J l—  l 

f 


'l 


23 

25 

3° 
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EXPERIMENT  CLVI. 

If  an  interruption  is  made  in  each  of  two 
fimilar  circuits,  which  form  communications 
between  the  charged  furfaces  of  an  eledtric 
plate,  and  if  the  fpace  of  air  in  one  of  the  in- 
terruptions is  terminated  by  points,  and  in  the 
other  by  balls,  the  difcharge  will  be  made 
through  the  circuit  of  which  the  points  make 
a part,  although  the  length  of  the  interrupted 
fpace  of  air  is  confiderably  greater  than  that  in 
the  other  circuit. 

Before  any  difcharge  takes  place,  the  two 
powers  are  fufpended  on  the  oppofite  furfaces 
of  the  charged  eledlric. 

An  eledtric  plate  may  be  difcharged  two 
ways,  either  filently  in  fome  fenfible  portion 
of  time,  or  by  explofion  in  an  inftant  : in 
either  cafe  experiments  abundantly  fhew  that 
ceteris  paribus , the  difcharge  will  be  made 
through  a pointed  body  in  preference  to  a 
round  termination. 

When  a pointed  body  is  prelented  to  any 
charged  furface,  a cylindrical  plate  of  air,  of 
evanefeent  diameter,  is  charged  with  the  con- 
trary cledfricities  ftrongly  attradling  each  other 
through  it;  and  the  quantity  of  air  being  fo 
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fmall,  there  will  be  little  refinance  to'  their 
onion  ; the  difcharge  will  be  made  by  explo- 
fion  in  preference  to  the  gradual  difcharge, 
according  as  the  oppolite  furfaces  (the  pointed 
body  and  the  furface  oppofed  to  it)  are  larger, 
as  they  are  nearer  each  other,  and  as  the  charge 
is  greater  ; for  it  will  be  obferved  that  a point, 
or  very  fmall  fpherical  termination,  which  is 
in  a phylical  fenfe  a point,  will  difcharge  any 
quantity  of  electricity  filently  and  gradually 
without  explofion,  while  it  is  at  a fufficient 
diftance  from  the  oppofite  charged  furface  : 
by  bringing  it  nearer,  the  method  of  difcharge 
will  be  altered;  which  will  now  be  a fucceffion 
of  fmall  explofions  very  quickly  following 
each  other.  The  reafon  of  this  feems  to  be, 
that  when  the  charged  furfaces  are  very  near, 
there  is  not  fufficient  time  for  the  contrary 
powers  to  unite  gradually,  nor  fufficient  room 
in  which  they  may  be  diffufed  among  the  fur- 
rounding  air. 

This  is  confirmed  by  again  removing  the 
two  oppofed  furfaces  to  luch  a diftance  that  the 
difcharge  may  be  made  gradually  ; in  this  cafe 
if  the  parts  of  the  apparatus  are  fo  dilpofed  by 
any  kind  of  contrivance,  that  the  difcharge 
muft  neceffiirily  be  made  fuddenly,  the  method 
of  difcharge  will  be  again  altered,  becoming 
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how  a fucceffion  of  explofions  inflead  of  a 
gradual  current  between  the  oppofed  furfaces  : 
this  fuddennefs  of  the  difcharge  may  be  ef- 
fected by  a proper  ufe  of  interruptions  in  the 
circuit ; it  may  alfo  be  caufed  by  motion  ; if 
either  furface  be  moved  brilkly  toward  the 
other,  the  explofion  of  the  charge  will  be 
promoted. 

Elevated  conductors  applied  to  buildings  as 
a fecurity  from  the  effeCts  of  lightning,  will 
contribute  to  difcharge  the  electricity  from  a 
cloud  that  pafles  over  them  : and  a greater 
quantity  of  the  difcharge  will  pafs  through  a 
pointed  conductor,  than  through  one  which  is 
terminated  by  a ball ; but  whether  the  dif- 
charge will  be  made  by  a gradual  current,  or 
by  explofion,  will  depend  on  the  fuddennefs 
of  the  difcharge,  on  the  proximity  of  the 
cloud,  its  motion,  and  the  quantity  of  the 
eleCtricity  contained  in  it.  If  a fmall  cloud 
hangs  fufpended  under  a large  cloud  loaded 
with  eleCtric  matter,  pointed  conductors  on  a 
building  underneath  will  receive  the  difcharge 
by  explofion  in  preference  to  thofe  terminated 
by  balls,  the  Imall  cloud  forming  an  inter- 
ruption which  allows  only  an  inltant  of  time 
for  the  difcharge.  If  a fingle  eleCtric  cloud  is 
driven  with  confiderable  velocity  near  to  a 
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pointed  conductor,  the  charge  may  be  caufed 
to  explode  upon  it  by  the  motion  of  the 
charged  body.  In  other  cafes,  pointed  con- 
ductors contribute  to  difcharge  a thunder 
cloud  gradually  without  explofion. 

Mr.  Wilfon’s  experiments,  publifhed  in  the 
Philofophical  TranfaCtions  1778,  have  contri- 
buted greatly  to  explain  the  effeCts  of  points 
in  difcharging  the  eleCtric  matter. 

If  a conical  pointed  body  were  inferred  into 
a fimilar  hollow  cone,  formed  into  an  electri- 
fied folid,  the  furfaces  of  the  two  cones  being 
equi-diftant,  no  greater  difcharge  of  the  elec- 
trics would  follow,  than  if  the  two  conical 
furfaces  had  been  plain,  and  oppofed  to  each 
other  at  the  fame  difiance. 


EXPERIMENT  CLVII. 

If  two  eleCtric  plates  be  charged,  and  2 
communication  formed  between  the  pofitive 
fide  of  one,  and  the  negative  fide  of  the  other, 
no  difcharge  will  follow ; unlefs  a communi- 
cation be  formed  between  the  other  two  fur- 
faces at  the  fame  time. 

The  natural  electricity  in  the  atmofphere  is 
frequently  difcharged  in  this  manner : Two 

clouds 
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clouds  being  electrified  with  oppofite  powers, 
the  furfaces  of  the  earth  immediately  under 
them  are  likewife  electrified  with  powers  con- 
trary to  thofe  in  the  clouds  above  them  ; and 
the  moifture  of  earth  forming  a communica- 
cation  between  the  two  contiguous  charged 
furfaces,  whenever  the  two  clouds  meet,  there 
will  follow  a difcharge,  both  of  the  clouds 
and  furfaces  on  the  earth  oppofed  to  them.  If 
the  earth  fhould  be  dry,  and  confequently 
afford  a refinance  to  the  union  of  the  two 
electricities  accumulated  on  or  under  its  fur- 
face,  there  will  follow  an  explofion  in  the 
earth  as  well  as  in  the  atmofphere,  which  will 
produce  concuflions  and  other  phcenomena 
which  have  frequently  been  obferved  to  happen 
in  dry  feafons,  particularly  in  thofe  climates 
which  are  the  moft  liable  to  ftorms  of  thunder 
and  lightening. 

OBSERVATIONS  ON  THE- ACTION  OF  CONDUCTORS. 
4' 

“ Ever  fince  the  difcovery  of  the  identity  of 
eleCtricity  and  lightening,  it  has  been  allowed 
by  all  parties,  that  conductors  of  fome  kind  are 
in  a manner  neceffary  for  the  fafetv  of  build- 
ings in  thofe  countries  where  thunder  ftorms 
are  very  frequent.  The  principle  on  which 
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they  adt  is  this  : that  the  eledtric  fluid,  when 
impelled  by  any  power,  always  goes  to  that 
place  where  it  meets  with  the  leaft  refiflance. 
Now,  as  metals  are  found  to  give  the  leaft  re- 
flftance  to  its  paflage,  it  will  always  choofe  to 
run  along  a metalline  rod,  in  preference  to  a 
paflage  of  any  other  kind.  But  it  is  neceflary 
to  obferve  here,  that  eledfricity  never  ftrikes 
a body  merely  for  the  fake  of  the  body 
itfelf,  but  as  by  means  of  that  body  it  can 
arrive  at  the  place  of  its  deftination.  When 
a quantity  of  electricity  is  colledted  from 
the  earth,  by  means  of  an  eledtric  machine,  a 
body  communicating  with  the  earth  will  receive 
a ftrong  fpark  from  the  prime  condudtor  ; it 
receives  this  fpark  not  becaufe  it  is  capable  of 
containing  all  the  eledtricity  of  the  cylinder 
and  condudtor,  but  becaufe  the  natural  fttuation 
of  the  fluid  being  difturbed  by  the  motion  of 
the  machine,  a ftream  of  it  is  fent  off  from  the 
earth.  The  natural  powers,  therefore,  make 
an  effort  to  fupply  what  is  thus  drained  off  from 
the  earth ; and,  as  the  individual  quantity 
which  comes  out  is  moft  proper  for  fupplving 
the  deficiency,  as  not  being  employed  for  any 
natural  purpofe,  there  is  always  an  effort  made 
for  returning  it  to  the  earth.  No  fooncr,  then, 
is  a condudting  body,  communicating  with  the 
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earth,  preferred  to  the  prime  conductor,  than 
the  whole  effort  of  the  electricity  is  directed 
againft  that  body  ; not  merely  becaule  it  is  a 
conductor,  but  becaufe  it  leads  to  the  place 
where  the  fluid  is  directed  by  the  natural  pow- 
ers by  which  it  is  governed,  and  at  which  it 
would  find  other  means  to  arrive,  though  that 
body  were  not  to  be  prefented.  That  this  is 
the  cafe  we  may  eafily  fee,  by  prefenting  the 
fame  conducting  fubftance  in  an  infulated  fiate 
to  the  prime  conductor  of  the  machine,  when 
we  fhall  find  only  a fmall  fpark  will  be  pro- 
duced. In  like  manner,  when  lightning  ftrikes 
a tree,  a houfe,  or  a thunder-rod,  it  is  not  be- 
caufe thefe  objeCts  are  high,  or  in  the  neigh- 
bourhood of  the  cloud,  but  becaufe  they  com- 
municate with  fome  place  below  the  furface  of 
the  ground,  againft  which  the  impetus  of  the 
lightening  is  directed,  and  at  that  place  the 
lightning  would  certainly  arrive,  though  none 
of  the  above-mentioned  objeCts  had  been  inter- 
pofed. 

te  When  the  atmofphere  begins  to  be  electri- 
fied, either  negatively  or  pofitively,  the  earth, 
by  means  of  the  inequality  and  moifture  of  its 
furface,  but  efpecially  by  the  vegetables  which' 
grow  upon  it,  abforbs  that  elcCtricity,  and 
quickly  becomes  electrified  in  the  fame  man- 
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nerwith  the  atmofphere;  this  abforption,  how- 
ever, ceales  in  a very  fhort  time,  becaufe  it 
cannot  be  continued  without  fetting  in  motion 
the  whole  of  the  eledtric  matter  contained  in 
the  earth  itfelf.  Alternate  zones  of  pofitive 
and  negative  eledtricity  will  then  begin  to  take 
place  below  the  furface  of  the  earth,  for  rea- 
fons  given  in  the  courfe  of  this  efiay.  Be- 
tween the  atmofphere  and  one  of  thefe  zones 
the  Itroke  of  lightening  will  always  be.  Thus, 
fuppofing  the  atmofphere  is  politively  eledtri- 
fied,  the  furface  of  the  earth  will,  by  means 
of  trees,  &c.  quickly  become  politively  electri- 
fied alfo,  we  will  fuppofe  to  the  depth  of  ten 
feet : the  eledtricity  cannot  penetrate  further, 
on  account  of  the  reliltance  of  the  eledtric  mat- 
ter in  the  bowels  of  the  earth.  At  the  depth 
of  ten  feet  from  the  furface,  a zone  of  negative- 
ly eledtrified  earth  begins,  and  to  this  zone  the 
eledtricity  of  the  atmofphere  is  attradted ; but 
to  this  it  cannot  get,  without  breaking  through 
the  politively  eledtrified  zone,  which  lies  up- 
permoft,  and  fhattering  to  pieces  every  bad 
condudtor  which  lies  in  its  way.  We  are  there- 
fore furc,  that  in  whatever  place  the  outer  zone 
of  politively  eledtrified  earth  is  thinnefi,  there 
the  lightening  will  ftrike,  whether  a conductor- 
happens  to  be  prefent  or  not.  If  there  is  a 
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conductor,  either  with  a knob  or  (harp  pointed, 
the  lightening  will  infallibly  (trike  it : but  it 
would  alfo  have  (truck  a houfe  lituated  on 
that  fpot  without  any  conductor  ; and  if  the 
houfe  had  not  been  there,  it  would  have  (truck 
the  furface  of  the  ground  itfelf.  Again,  if  we 
fuppofe  the  houfe  with  its  conductor  to  (land 
on  a part  of  the  earth  where  the  pofitively 
electrified  zone  is  very  thick,  the  conductor 
will  neither  filently  draw  off  the  eleCtricity, 
nor  will  the  lightening  (trike  it;  though,  per- 
haps, it  may  ltrike  a much  lower  objeCt,  or 
even  the  furface  of  the  ground  itfelf  at  no  great 
diftance;  the  reafon  for  which  undoubtedly  is, 
that  there  the  pofitive  electrified  zone  is  thin- 
ner than  where  the  conductor  was. 

cc  To  fuppofe  that  a pointed  conductor  will 
exhauit  a thunder  cloud  of  its  eleCtricity,  muft 
at  firft  fight  appear  trifling,  to  infift  on  it,  ridi- 
culous. Innumerable  objeCts  are  all  confpiring 
to  draw  off  the  eleCtricity  as  well  as  the  con- 
ductor, if  it  could  be  drawn  off  j but  of  effect- 
ing this,  there  is  an  impoffibility,  becaufe  they 
have  the  fame  kind  of  eleCtricity  with  the  clouds 
themfelves. 

tc  Befides,  Beccaria  has  obferved,  that  during 
the  progrefs  and  increafe  of  the  (torm,  though 
the  lightening  frequently  (truck  to  the  earth, 
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[ yet  the  fame  cloud  was  the  next  moment  ready 
to  make  a greater  dilcharge,  and  his  apparatus 
continued  to  be  as  much  affected  as  ever. 

tc  The  conductor  has  not  even  the  power  of 
attracting  the  lightening  a few  feet  out  of  the 
direction  it  would  choofe  itfelf : of  this  we  have 
a moft  decifive  inftance  in  what  happened  to 
the  magazine  at  Purfleet,  in  Effex.  That 
houfe  was  furnifhed  with  a conductor,  raifed 
above  the  higheft  part  of  the  building  never- 
thelefs,  a flafli  of  lightening  {truck  an  iron 
cramp  in  the  corner  of  the  wall  of  the  building, 
confiderably  lower  than  the  top  of  the  conduct- 
or, and  only  forty-fix  feet  in  a Hoping  line  dif- 
tant  from  the  point. 

“ The  conductor,  with  all  its  power  of 
drawing  off  the  electric  matter,  was  neither  able 
to  prevent  the  flafh,  nor  to  turn  it  forty-fix  feet 
out  of  its  way.  The  matter  of  fact  is,  the 
lightening  was  determined  to  enter  the  earth 
at  the  place  where  the  Board-houfe  {lands,  or 
near  it ; the  conductor,  fixed  on  the  hoiffe, 
offered  the  eafiefl:  communication,  but  forty-fix 
feet  of  air  intervening  between  the  point  of  the 
conductor  and  the  place  of  the  explofion,  the 
refiftance  was  lefs  through  the  blunt  cramp  of 
iron,  and  a few  bricks  moiftened  with  the  rain 
to  the  fide  of  the  metalline  conductor,  than 

through 


electricity. 


201 


through  the  forty-fix  feet  of  air  to  its  point, 
for  the  former  was  the  way  in  which  the  light- 
ening actually  paired. 

<c  The  zig-zag  kind  of  lightening  is  the  moft 
dangerous,  becaufe  it  muft  overcome  a very 
violent  refiftance  of  the  atmofphere,  and  where  - 
ever  that  refiftance  is  in  the  fmalleft  degree 
lefiened,  there  it  will  undoubtedly  ftrike,  and 
even  at  a confiderable  diftance.  It  is  otherwife 
with  that  kind  which  appears  in  flafhes  of  no 
determinate  form  : the  electric  matter  of  which 
is  evidently  diftipated  in  the  air  by  fome  con- 
ducing fubftances  which  are  prefent  there,  and 
they  are  therefore  rendered  lefs  powerful. 

“ The  moft  deftruCive  kind  of  lightening 
is  that  which  aftumes  the  form  of  balls.  Thefe 
are  produced  by  an  exceeding  great  power  of 
ele&ricity,  gradually  accumulated  till  the  re  * 
fiftance  of  the  atmofphere  is  no  longer  able  to 
confine  it.  In  general,  the  lightening  breaks 
out  from  the  eleCrified  cloud  by  means  of  the 
approach  of  fome  conducing  fubftance;  but 
the  fire-balls  feem  to  be  formed  not  becaufe 
there  is  any  fubftance  at  hand  to  attract  the 
ele&ric  matter  from  the  cloud,  but  becaufe  the 
eleCricity  is  accumulated  in  fuch  a quantity 
that  the  cloud  can  no  longer  contain  it.  Hence, 
fuch  balls  fly  off  flowly,  and  have  no  particular 
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deftination;  their  appearance  indicates  a pro- 
digious commotion  and  accumulation  of  elec- 
tricity in  the  atmofphere,  without  a proportion- 
able  difpofition  in  the  earth  to  receive  it.  This 
difpofition  is  however  altered  by  a thpufand 
circumftances,  and  the  place  which  firft  becomes 
molt  capable  of  admitting  electricity  will  firft 
receive  a fire-ball.  Hence  this  kind  of  light- 
ening has  been  known  to  move  flowly  back- 
wards and  forwards  in  the  air  for  a confiderable 
time,  and  then  fuddenly  fall  in  one  or  more 
houfes,  according  to  their  being  more  or  lefs 
affeCted  with  an  eleCtricity  oppolite  to  that  of 
the  ball  at  the  time.  It  will  alfo  run  along  the 
ground,  break  into  feveral  parts,  and  produce 
feveral  explofions  at  the  fame  time. 

cc  It  is  very  difficult  to  imitate  this  kind  of 
lightening  in  our  eleCtrical  experiments.  The 
only  cafes  in  which  it  hath  been  done  in  any 
degree  are  thofe  in  which  Dr.  Prieftley  made 
the  explofion  of  a battery  pafs  for  a confider- 
able way  over  the  furface  of  raw  fleffi,  water, 
&c.  In  thefe  cafes,  if,  while  the  eleCtric  flafh 
paffed  over  the  furfaces  of  the  flefh,  it  had 
been  poffible  to  interrupt  the  metallic  circuit  by 
taking  away  the  chain,  the  eleCtric  matter  dif- 
charged  would  have  been  precifely  in  the  fitua- 
tipn  of  one  of  tire  above-mentioned  fire-balls  j 
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i.  e.  it  would  have  been  at  a lafs  for  a condu6tor. 
The  negative  fide  of  the  battery  was  the  place 
of  its  dellination,  but  to  that  it  could  not  eafily 
have  got,  becaufe  of  the  great  quantity  of 
atmofphere  which  lay  in  its  way,  and  the  in- 
capacity of  the  neighbouring  bodies  to  receive 
it.  But,  while  the  ele&ric  matter  was  thus 
flationary  for  want  of  a conductor,  if  any  one 
(landing  near,  or  touching  the  negative  fide  of 
the  battery,  prefented  a finger  to  this  feemingly 
inoffenfive  luminous  body,  he  would  be  inflantly 
ftruck  very  violently,  becaufe  a free  commu- 
nication being  now  made  by  means  of  his  body, 
the  powers  by  which  the  ele&ric  fluid  is  im- 
pelled from  one  place  to  another  would  urge 
it  upon  him.  But  if  we  fuppofe  a perfon,  who 
has  no  communication  with  the  battery,  to 
prefent  his  finger  to  the  fame  body,  he  may 
perhaps  receive  a flight  fpark  from  it,  but  not 
a fliock  of  any  confequence, 

“ We  may  now  account  for  the  feemingly 
capricious  nature  of  all  kinds  of  lightening, 
but  efpecially  of  that  kind  which  appears  in 
the  form  of  balls.  Sometimes  it  will  flrike 
trees,  high  houfes,  &c.  without  touching  cot- 
tages, men,  or  other  animals,  who  are  in  the 
neighbourhood  j in  other  inftances,  low  houfes 
£nd  cattle  have  beep  ftruck,  while  high  trees 
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and  fteeples  in  the  neighbourhood  have  efcap- 
ed  The  reafon  of  this  is,  that  in  thunder- 
ftorms  there  is  a zone  of  earth  confiderably  un- 
der the  furface,  which  the  lightening  defires  to 
ftrike,  (if  we  may  ufe  the  expreflion)  becaufe  it 
has  an  eledricity  oppofite  to  the  lightening  it- 
felf.  Thofe  objeds,  therefore,  which  form  the 
molt  perfed  condudors  between  the  eledrified 
clouds  and  that  zone  of  earth  will  be  ftruck  by 
lightening,  whether  they  are  high  or  low.  Let 
us  fuppofe  a pofitively  eledrified  cloud  is  form- 
ed over  a certain  part  of  the  earth’s  furface ; 
the  eledric  matter  flows  out  from  it  firft  into 
the  atmofphere  all  round,  and  while  it  is  doing 
fo,  the  atmofphere  is  eledrified  negatively.  In 
proportion,  however,  as  the  current  pervades 
greater  and  greater  portions  of  the  atmofphe- 
rical  {pace,  the  refiftance  to  its  motion  increafes, 
till  at  laft,  the  air  becomes  pofitively  eledri- 
fied as  well  as  the  cloud,  and  they  both  ad  as 
one  body.  The  furface  of  the  earth  then  be- 
gins to  be  eledrified,  and  it  filently  receives 
the  eledric  matter  by  means  of  the  trees,  grafs, 


* Of  this  two  remarkable  inftances  have  been  adduced, 
in  a paper  read  by  Mr.  Achard  at  the  Berlin  Academy  of 
Sciences.  And  Beccaria  cautions  perfons  from  depending 
on  a higher,  or,  in  all  cafes,  a better  conductor  than  their 
own  body. 
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&c,  which  grow  upon  its  furface,  till  at  laff, 
it  becomes  alfo  pofitively  eledrified,  and  be- 
gins to  fend  off  a current  of  eledricity  from 
the  furface  downwards. 

<c  The  caufes  which  firft  produced  the  elec- 
tricity ftill  continuing  to  ad,  the  power  of  the 
eledric  current  becomes  inconceivably  great. 
The  danger  of  the  thunder-ftorm  now  begins ; 
for,  as  the  force  of  the  lightening  is  direded 
to  fome  place  below  the  furface  of  the  earth,  it 
will  certainly  dart  towards  that  place,  and  fhat- 
ter  every  thing  to  pieces  which  refills  its 
paffage. 

“ The  benefit  of  conduding  rods  will  now 
alfo  be  evident.  For  we  are  fure,  the  eledric 
matter  will,  in  all  cafes,  prefer  that  way  where 
it  meets  with  the  leaft  refiftance,  and  this  is 
over  the  furface  of  metals.  In  fuch  a cafe,  there- 
fore, if  there  happen  to  be  a houfe  furnilhed 
with  a condudor  diredly  below  the  cloud,  and 
at  the  fame  time  a zone  of  negatively  eledrified 
earth  not  very  far  below,  the  foundation  of  the 
houfe,  the  condudor  will  almoft  certainly  be 
ftruck,  but  the  building  will  be  fafe.  If  the 
houfe  wants  a condudor,  the  lightening  will 
neverthelefs  ftrike  in  the  fame  place,  in  order 
to  get  at  the  eledrified  zone  above-mentioned ; 
but  the  building  will  be  now  damaged,  becaufe 

the 
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the  materials  of  it  cannot  readily  condudl  thtf 
tde&ric  fluid 

* See  Encyclopaedia  Britannica*  Art.  Lightening* 
Vol.  VI.  p.  4224. 

That  the  ele&ric  matter,  which  forms  and  animates  the 
thunder-clouds,  Blues  from  places  far  below  the  furface  of 
the  earth,  and  buries  itfelf  there,  is  probable,  from  the 
deep  holes  that  have  been  made  in  many  places  by  lighten- 
ing, by  the  violent  inundations  that  have  accompanied 
thunder-ftorms,  not  occafioned  by  rain,  but  by  water  burft- 
ing  from  the  bowels  of  the  earth,  from  which  it  muft  have 

been  diflodged  by  fome  internal  concuffion,  &x.-* See 

Dr.  Prieitley’s  Hiflory  of  Electricity,  p.  328. 
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CHAP.  X. 


TO  CHARGE  A PLATE  OF  AIR. 


S air  is  an  electric,  it  will  receive  a charge 


like  all  other  eledtric  fubftances.  To  this 


property  may  be  aferibed  many  of  the  pheno- 
mena which  are  obferved  in  the  courfe  of  the 
common  eledtrical  experiments;  for  the  air 
which  furrounds  an  electrified  ncn-eledtric  is 
always  in  fome  degree  charged  with  the  fluid, 
and  thus  adts  upon  the  atmofphere  of  the  elec- 
trified condudtor,  not  only  by  its  preffure,  but 
alfo  by  its  acquired  eledtric  powers  ; and  that 
it  pervades  the  air  to  a confiderable  diftance  is 
evident,  from  the  different  methods  by  which 
the  air  of  a room  may  be  eledtrified. 

Cover  two  large  boards  with  tin-foil ; fufpend 
one  by  filk  firings  from  the  cieling,  and  then 
connedt  it  with  the  conductor;  place  the  other 
board  parallel  to  the  former,  on  an  infulating 
ftand  that  may  be  eafily  raifed  or  lowered,  to 
regulate  the  diftance  of  the  plates  from  each 
other.  Or  place  the  boards  in  a vertical  fitu- 
ation,  on  infulating  ftands  of  the  fame  height. 
In  moft  cafes  this  form  will  be  found  the  molt 
convenient.  Thefe  boards  may  be  confidered 


as 


2o8 


AN  ESSAY  ON 


as  the  coatings  to  the  plate  of  air  which  is  be- 
tween  them. 

EXPERIMENT  CLVIII. 

✓ 

ConneCt  the  upper  board  with  the  pofitive 
conductor,  and  the  other  with  the  ground ; 
turn  the  cylinder,  and  the  upper  one  will  be 
electrified  pofitively,  and  the  under  one  nega- 
tively ; the  fpace  of  air  between  the  two  plates 
aCts  as  a plate  of  glafs,  it  leparates  and  keeps 
afunder  the  two  eleCtric  powers.  Touch  the 
negative  plate  with  one  hand,  and  the  upper 
one  with  the  other,  and  a fihock  will  be  received 
fimilar  to  that  from  the  Leyden  phial. 

The  eleCtric  fhock  will  always  be  felt  when- 
ever a quantity  of  the  fluid  pafles  through  any 
body  in  an  inftantaneous  manner,  and  the  force 
of  the  fhock  will  be  proportional  to  the  quantity 
of  electricity  accumulated,  and  the  eafe  with 
which  it  can  efcape;  for  the  whole  energy  of 
the  eleCtricity  depends  on  its  tenfion,  or  the 
force  with  which  it  endeavours  to  fly  off  from 
the  electrified  body. 

The  two  plates,  when  in  contrary  flates, 
ftrongly  attraCt  each  other,  and  will  come  to- 
gether, if  they  are  not  kept  afunder  by  force. 
A fpark  will  fometimes  pafs  between  the  plates, 
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and  deftroy  the  electricity  of  each.  If  an  emi- 
nence is  placed  on  the  under  plate*  the  fpark, 
in  the  fpontaneous  difcharge,  will  ftrike  It. 
The  experiments  with  thefe  boards  will  be 
more  pleafing,  if  one  furface  of  the  upper  board 
is  covered  with  gilt  leather.  The  two  plates, 
when  charged,  are  fuppofed  to  reprefent  the 
Hate  of  the  earth  and  the  clouds  in  a thunder- 
Itorm.  The  clouds  being  in  one  date,  and 
the  earth  in  an  oppofite  one,  while  the  plate  of 
air  aCts  as  the  ele&ric,  and  the  fpontaneous 
difcharges  exhibit  the  phcenomena  of  light- 
ening. 

An  obfervation  has  been  made  on  this  expe- 
riment, which  feems  to  affeCt  one  of  the  prin- 
cipal fupports  of  the  received  theory.  I have 
fubjoined  it,  in  order  to  invite  thole  who  are 
converfant  with  electricity  to  a clofer  invefti- 
gation  of  the  fubjeCt. 

In  this  experiment  it  feems  impoffible  to  de- 
ny, that  the  air  is  penetrated  by  the  eleCtric 
fluid.  The  diftance  between  the  plates  is  fo 
fmall,  that  it  mull  appear  abfurd  to  fay  that 
this  fpace  is  penetrated  only  by  a repullive 
power,  when  in  other  cafes  we  fee  the  fluid 
pervading  much  greater  fpaces  of  air.  But  if 
one  eleCtric  fubftance  is  penetrable  by  the  elec- 
tric fluid,  we  mud  be  led  ftrongly  to  fufpeCt 
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at  leaft  that  all  the  reft  are  fo  too.  If  glafs  was 
altogether  impenetrable  to  the  fluid,  it  is  na- 
tural to  think  that  it  would  run  over  its  fur- 
face  very  eafily.  But  inftead  of  this,  fo  great 
is  its  propenfity  to  enter,  that  a fhock  fent 
through  between  two  glafs  plates,  if  they  are 
prefled  pretty  clofe  together,  always  breaks 
them  to  pieces,  and  even  reduces  part  of  them 
to  a powder  like  fand.  This  laft  effedt  cannot 
be  attributed  to  any  other  than  the  eledtric 
fluid  entering  the  pores  of  the  glafs,  and  meet- 
ing with  refiftance,  the  impetus  of  its  pro- 
greflive  motion  violently  forces  the  vitreous 
particles  afunder  in  all  diredtions. 

EXPERIMENT  CLIX. 

Turn  that  fide  of  the  upper  board  on  which 
the  gilt  leather  is  pafted  towards  the  lower  one ; 
place  one  or  two  fmall  metal  hemifpheres  on 
the  lower  board ; connedt  the  upper  board 
with  the  pofitive  condudtor,.  and  the  lower 
one  with  that  which  is  negative,  put  the  ma- 
chine in  adtion,  and  the  upper  board  will  dis- 
charge the  whole  of  its  contents  on  one  of  the 
hemifphexes  in  a ftrong  fkfh,  attended  with  a 
fmart  explofton  ; vivid  corufcations  of  eledtric 
light  will  be  leen  darting  in  various  diredtions 

on 
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on  the  fnrface  of  the  gilt  leather.  This  experi- 
ment, lays  Mr.  Becket,  is  more  than  a refem- 
blance  of  lightening,  it  is  Nature  inverted 
with  her  own  attire. 

Conned  a coated  phial  with  the  pofitive  con- 
dudor,  fo  that  it  may  be  difcharged  with  the 
boards,  and  the  flafhes  of  light  will  extend 
further,  and  the  explolion  will  be  louder. 

EXPERIMENT  CLX. 

Place  the  wire,  fig.  10,  with  the  feathers 
tied  to  it  in  the  middle  of  one  of  thefe  large 
boards,  their  divergence  will  not  be  near  fo 
much  in  this  fituation  as  when  they  are  at  the 
edge  of  the  board.  If  a piece  of  down  or  a 
feather  is  placed  near  the  edge  of  the  board,  it 
will  fly  off  to  the  neareft  non-eledrified  body ; 
but,  if  it  is  placed  in  the  middle,  it  will  be  a 
confiderable  time  before  it  will  move,  and  it 
will  fcarcely  fliow  any  figns  of  attradion. 

EXPERIMENT  CLXI. 

Place  bran,  or  fmall  pieces  of  paper,  near 
the  center  of  the  lower  board  ; when  the  ma- 
chine is  put  in  adion  thefe  will  be  alternately 
attraded  and  repelled  with  great  rapidity,  and 
agitated  in  an  amazing  manner.  A pleafing 
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variation  is  made  in  this  experiment  by  taking 
off  the  chain  from  the  lower  board,  and  now 
and  then  touching  it  with  the  hand;  touch 
both  boards  at  the  fame  time  and  the  motion 
ceafcs.  But  the  moft  furprizing  appearance  in 
this  experiment  is,  that  fometimes,  when  the 
electricity  is  ftrong,  a quantity  of  paper  or  bran 
will  accumulate  in  one  place,  and  form  a kind 
of  column  between  the  boards,  it  will  fuddenly 
acquire  a fwift  horizontal  motion,  moving  like 
a whirling  pillar  to  the  edge  of  the  boards, 
and  from  thence  fly  off,  and  be  fcattered  about 
the  room  to  a confiderable  diftancec. 

EXPERIMENT  CLXII. 

Take  two  phials,  the  one  charged  pofitively, 
the  other  negatively,  place  them  on  the  infu- 
lated  board,  but  as  far  from  each  other  as  the 
board  will  permit ; infert  a range  of  candles 
in  a piece  of  wood,  about  two  inches  diftance 
from  each  other,  fo  that  the  flame  of  each  may 
be  exaCtly  parallel;  when  thefe  candles  are 
quickly  introduced  between  the  knobs  of  the 
phials,  the  fpark  will  be  feen  to  dart  through 
all  of  them,  and  will  have  the  appearance  of  a 
line  of  fire,  variegated  in  a thoufand  different 
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CHAP.  XI. 


OF  THE  ELECTROPHORUS 

FIG.  73  reprefents  an  ele&rophorus.  This 
inftrument  was  invented  by  Mr.  Volta, 
of  Coma  in  Italy.*  It  confifts  of  two  plates 
of  a circular  form,  the  under  plate  is  of  brafs 
covered  over  with  a flratum  of  an  electrical 
fubftance,  generally  of  fome  negative  eleCtric, 
as  wax,  fulphur,  &c.  the  upper  plate  is  of 
brafs,  with  a glafs  handle  fcrewed  on  the  center 
of  its  upper  furface. 

Refinous  eleCtrics  generally  fucceed  better 
for  an  eleCtrophorus  than  thofe  made  only  of 
glafs,  not  only  as  they  are  lefs  affeCted  by  the 
humidity  of  the  air,  but  as  they  feem  to  have 
the  power  of  retaining  longer  the  electricity 
which  is  communicated  to  them. 

To  ufe  this  apparatus,  firft  excite  the  under 
plate  c,  by  rubbing  its  coated  fide  with  a piece 
of  clean  dry  flannel,  or  hare-fkin ; w'hen  this 
plate  is  well  excited,  it  is  to  be  laid  on  the 
table  with  the  eleCtric  uppermoft.  Secondly, 


* Mr.  Wilck,  in  Auguft,  1762,  contrived  a refinous  ap- 
paratus, to  which  he  gave  the  name  of  a perpetual  ele£ho- 
phorus.  See  Scripta  Academise  Suec.  1762. 
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place  the  metal  plate  upon  the  eleCtric,  as  in  fig. 
74  and  75.  Thirdly,  touch  the  metal  plate  with 
the  finger,  or  any  other  conductor.  Fourthly, 
feparate  the  metal  plate  from  the  electric  by 
the  glafs  handle.  This  plate,  when  raifed  to 
fome  difiance  from  the  under  one,  will  be  found 
firongly  electrified  with  the  power  which  is 
contrary  to  that  of  the  eleCtric  plate,  and  will 
give  a fpark  to  any  conductor  that  is  brought 
near  it.  By  repeating  this  operation,  i,  e„  by 
fettingthe  metal  plate  on  the  eleCtric,  and  then 
touching  it  with  the  finger,  a great  number  of 
fparks  may  be  fucceflively  obtained  without  a 
frefli  excitation  of  the  eleCtric. 

The  following  experiments,  which  were 
made  with  a view  to  analyfe  this  curious  little 
inftrument,  are  extracted  from  a paper  of  Mr. 
Achard’s,  in  the  Memoirs  de  TAcademie  Roy- 
ale  de  Berlin  for  1776. 

experiment  clxiii. 

Mr.  Achard  placed  horizontally  a circular 
plate  of  glafs,  which  was  about  two  tenths  of 
an  inch  in  thicknefs,  and  one  foot  in  diameter, 
on  a tin  plate,  which  only  touched  the  glafs  in 
a few  places  ; having  excited  the  upper  furface 
of  the  glafs,  it  produced  all  the  effeCts  of  the 

eleCtro- 
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clectrophorus;  from  whence  he  infers,  that 
it  is  not  neceffary  that  the  inferior  metallic 
plate  lhould  touch  exactly  in  all  its  furfacethe 
electric  coating. 

EXPERIMENT  CtXIV. 

He  infulated,  in  a horizontal  pofition,  a plate 
of  glafs  of  one  foot  diamtier,  he  excited  this, 
and  then  applied  the  upper  plate  in  the  tifual 
•manner,  and  obtained  a fucceflive  number  of 
weak  fparks;  but  in  order  to  procure  them,  he 
was  obliged  to  let  the  finger  remain  fometime 
on  the  upper  plate.  If,  inftead  of  infulating 
the  plate  of  glafs  by  glafs,  he  infulated  it  by 
wax  or  pitch,  he  conftantly  found  that  the 
fparks  were  ftronger.  From  this  experiment 
he  concludes,  that  the  inferior  plate  is  not  ne* 
ceffary  to  the  production  of  the  effects  obferved 
in  this  inftrument,  and  that  when  deprived  of 
it,  it  retains  all  its  properties. 

• i • . u § 

EXPERIMENT  CLXV. 

Having  excited  the  upper  furface  of  an  elec^ 
trophorus  of  wax,  he  placed  the  upper  plate 
on  it,  and  after  fome  time  lifted  it  off  by  its 
infulating  handle,  without  previoufiy  touching 
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it  with  the  finger ; it  gave  no  fpark,  and  was 
not  poflefled  of  the  leaft  power  of  attraction 
and  repulfion;  which  proves,  that  the  eleCtro- 
phorous  cannot  render  the  upper  plate  eleCtric, 
unlefs  it  is  touched  by  a body  which  is  capa- 
pable  of  giving  or  taking  electricity  from  it. 

Experiment  clxvi 

i 

Place  the  upper  plate  on  an  excited  eleCtro- 
phorus,  bring  a finger  near  the  upper  plate, 
and  a fpark  will  pafs  between  them.  Now  as 
the  eleCtric  fluid  never  appears  as  a fpark,  ex- 
cept xvhen  it  pafles  with  rapidity  from  one  body 
to  another,  and  as  the  upper  plate  exhibits  no 
eleCtric  appearance,  if  it  has  not  been  previ- 
oufly  touched  by  a conductor,  we  may  con- 
clude that  the  eleCtrophorus  only  renders  the 
upper  plate  eleCtric  when  it  has  received  or 
loft  a quantity  of  electricity. 

Experiment  clxvit. 

Place  one  of  the  fmall  brafs  conductors  with 
its  pith  balls  on  the  upper  plate,  and  then  put 
them  both  on  the^leCtrophorus,  the  balls  will 
immediately  feparate  a little;  touch  the  upper 
plate  with  the  finger  and  the  divergence  ceafes; 
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but  on  lifting  this  plate  from  the  eleCtropho- 
rous  by  its  glafs  handle  the  balls  diverge  with 
great  force,  forming  a very  large  angle  ; on 
taking  a fpark  from  the  plate  they  immediately 
clofe.  The  feparation  of  the  balls  fhews  clear- 
ly that  the  upper  plate  either  abforbs  a quan- 
tity of  eleCtricitv,  or  imparts  a portion  of  its 
natural  fhare  to  the  under  one;  it  alfo  fhews 
that  the  former,  as  foon  as  it  is  laid  on  the 
eleCtrophorus,  acquires  a fmall  degree  of  elec- 
tricity, which  it  lofes  on  being  touched  with 
the  finger ; but  it  again  becomes  eleCtrical 
when  it  is  feparated  from  the  eleCtrophorus. 


EXPERIMENT  CLXVIII. 

Xnfulate  an  eleCtrophorus,  and  fufpend  a 
pith  ball  by  a linen  thread,  in  fuch  a manner 
that  it  may  be  about  one  quarter  of  an  inch 
from  a piece  of  metal  which  is  connected  with 
the  bottom  plate;  the  ball  does  not  move  when 
the  upper  plate  is  laid  on  the  eleCtrophorus, 
but  when  this  is  touched  by  the  finger  the 
ball  is  attracted.  As  foon  as  the  upper  plate 
is  taken  off,  the  inferior  metallic  coating  at- 
tracts the  ball,  but  quits  it  if  the  coating  is 
touched  by  the  finger.  It  is  alfo  attracted  if 

the 
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the  upper  plate  is  put  on  before  the  fpark  has 
been  taken  from  it,  though  it  lalts  longer  and 
is  ltronger  if  the  fpark  is  taken  befere  it  is 
placed  on  the  eledtrophorus. 

EXPERIMENT  CLXIX. 

Eledtrify  the  under  fide  of  the  eledtrophorus, 
by  connedting  the  under  plate  with  the  condudtor 
of  a machine ; the  upper  plate  will  give  ftrong 
fparks  to  the  hand,  or  any  other  non-eledtric. 
Touch  the  upper  plate  with  one  hand,  and  the 
under  one  with  the  other,  a fhock  will  be  re- 
ceived. The  fame  effedt  is  produced,  if  the 
upper  plate  is  eledtrified  by  the  machine.  See 
% 74- 

EXPERIMENT  CLXX. 

Infulate  an  eledtrophorus  which  is  not  excited, 
and  place  the  upper  plate  upon  it,  then  eledtrify 
the  under  plate  by  a chain  from  the  prime  con- 
ductor ; take  a fpark  from  the  chain,  and  the 
eledtrophorus  acquires  all  the  properties  which 
are  given  to  it  by  exciting  the  upper  furfcce. 
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experiment  c^xxi, 

Connedt  the  upper  plate  by  a chain  with  the 
prime  conductor,  and  eledtrify  it ; then  take  a 
fpark  from  the  chain,  and  the  eledtrophorus 
will  acquire,  as  before,  the  fame  powers  which 
it  gains  when  the  upper  furface  is  rubbed. 


experiment  clxxii. 

, The  fame  effedt  is  produced  by  placing  a 
Leyden  phial  on  the  upper  plate  of  an  unexcited 
eledtrophorus,  then  charging  and  difcharging 
it  on  the  plate. 

From  the  three  laft  expriments  we  learn,  that 
the  eledtrophorus  may  be  put  in  adtion  by 
communication  as  well  as  by  fridtion. 


EXPERIMENT  CLXXIII. 

Mr.  Achard  placed  the  upper  plate  on  an 
excited  eledtrophorus,  and  a cube  of  metal, 
furnilhed  with  a glafs  handle,  on  this  plate ; on 
taking  the  cube  by  its  handle  from  the  upper 
plate,  without  previoufly  touching  it,  it  attradted 
a light  ball.  On  repeating  this  expriment,  and 
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touching  the  upper  plate  before  the  cube  was 
taken  off,  it  did  not  appear  in  the  leafl  eledlrical. 

I 

EXPERIMENT  CLXXIV. 

By  examining  the  eledlrophorus  with  fmall 
pith  balls,  we  find, 

1 . That  as  foon  as  the  upper  plate  is  placed 
on  an  eledlrophorus  of  wax,  it  acquires  a weak 
pofitive  eledlricity ; and  the  contrary,  if  placed 
on  an  eledlrophorus  of  glafs. 

2.  That  when  the  upper  plate  is  touched  by 
the  finger,  it  lofes  all  its  eledlricity. 

3.  When  the  upper  plate  is  touched  by  the 
finger,  and  removed  from  the  eledlrophorus,  it 
acquires  a ftrong  negative  eledlricity,  if  the 
eledlrophorus  is  of  glafs  j and  a pofitive  elec- 
tricity, if  it  is  of  wax. 

The  eledlrophorus  may  be  confidered  as 
formed  of  feveral  horizontal  ftrata ; fo  that  when 
the  upper  one  is  excited,  either  by  fridtion  or 
communication,  it  is  infulated  by  the  inferior 
ftrata.  Now  all  infulated  eledlrics  preferve  their 
eledlricity  a confiderable  time,  and  it  is  from  that 
caufe  that  the  eledlricity  of  the  eledtrophorus 
continues  fo  long. 

Infulated  and  excited  glafs,  induces  the  nega- 
tive eledlricity  on  bodies  brought  within  the 

fphere 
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Fphere  of  its  adtion,  while  negative  eledtrics,  in 
limilar  circumftances,  produce  the  pofitive  elec- 
tricity. Therefore  the  furface  of  the  eledtropho- 
rus,  ought  to  communicate  immediately  a pofi- 
tive eledtricity,  if  it  is  of  wax  ; the  negative,  if 
it  is  made  of  glafs  ; which  is  perfedtly  conform- 
able to  experiments.  But  when  the  upper  plate 
is  touched  by  the  finger,  the  upper  furface  of 
the  eledtrophorus  ceafes  to  be  infulated,  and 
gives  the  negative  eledtricity  to  the  upper  plate, 
if  it  is  of  glafs,  and  the  contrary,  if  of  wax, 
agreeable  to  the  different  expriments  which  are 
defcribed  in  Chap.  IV. 

Eledtric  bodies  do  not  put  the  fluid  in  that 
degree  of  motion  which  is  neceffary  to  produce 
the  fpark,  or  exhibit  the  phoenomena  of  at- 
tradtion  and  repulfion,  while  they  are  in  con- 
tadt  with  condudting  fubftances,  which  is  the 
reafon  why  the  upper  plate  exhibits  no  figns  of 
eledtricity  while  it  remains  in  contadt  with  the 
under  one,  though  they  become  fenfible  the 
inftant  it  is  removed  from  it. 

As  the  theory  of  this  inftrument  has  been 
deemed  very  intricate,  I have  fubjoined  another 
explanation  of  it,  which  is  given  by  the  editors 
of  the  Monthly  Review. 

cc  Therefore,  (in  the  cafe  of  a glafs  eledtro- 
phorus)  as  it  is  a cafe  which  admits  of  a fome- 

what 
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what  eafier  illuftration,  the  excited  plate  a&s 
upon  the  ele&ric  matter  naturally  contained  in 
the  upper  brafs  plate,  fo  as  to  repel  a part  of  its 
natural  quantity  from  it  in  form  of  a fpark,  at 
that  part  where  the  finger  is  applied  to  it.  If 
the  brafs  plate  in  this  ftate  is  lifted  up  by  its 
handle,  it  will  receive  a fpark  from  the  finger. 
On  being  replaced,  and  the  fame  operation  ta- 
king place,  the  fame  refult  will  be  obtained ; 
which  may  be  continued  for  a great  length  of 
time,  without  diminifhing  the  virtue  of  the 
excited  ele&ric,  which  in  fa&  does  not  part 
with  any  of  its  own  ele&ricity,  but  only  repels 
a part  of  what  is  in  the  upper  plate,  which  is 
repeatedly  reftored  to  it  from  the  earth  by  the 
perfon  who  makes  the  experiment.” 

EXPERIMENT?  CLXXV. 

Place  a piece  of  metal  on  an  excited  ele&ro- 
phorus,  it  may  be  of  any  fhape ; a pair  of  tri- 
angular compafies  are  very  convenient  for  this 
purpofe.  Ele&rify  the  piece  of  metal  with  the 
power  which  is  contrary  to  that  of  the  eledtro- 
phorus,  and  then  remove  it  by  means  of  fome 
eledlric,  and  afterwards  fift  upon  the  eledtro- 
phorus  fome  finely  powdered  refin,  which  will 

form 
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form  on  its  furface  curious  radiated  figures. 
When  the  plate  is  negative,  and  the  piece  of  me- 
tal pofitive,  the  powder  forms  itfelf  principally 
about  thofe  parts  where  the  metal  was  placed  ; 
but  if  the  plate  is  pofitive,  and  the  fpark  is  ne- 
gative, the  part  where  the  metal  touched  will 
be  free  from  powder,  and  the  other  parts  more 
covered. 

experiment  clxxvi. 

To  recover  the  force  of  an  eleCtrophorus  by 
itfelf.  Place  the  metallic  cover  on  the  refinous 
cake,  touch  it  as  ufual ; then  take  it  up,  and 
difcharge  it  on  the  knob  of  a Leyden  phial ; 
repeat  this  operation  feveral  times,  and  then 
place  the  bottle  on  the  cake,  and  move  it  over 
its  furface,  holding  the  bottle  by  die  knob; 
this  will  augment  the  force  of  the  eleCtrophorus 
and  by  reiterating  the  operation  it  will  become 
very  powerful, 

EXPERIMENT  CLXXVir, 

Infulate  a metal  quart  mug,  and  fuipend  a 
pair  of  fmail  pith  balls  by  filk,  fo  that  the 
whole  of  the  electrometer  may  be  within  the 
mug,  electrify  the  mug,  and  the  electrometer 

will 
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will  not  be  in  the  leaft  affected.  The  fimilaf 
atmofpheres  counteract  each  other;  and  as  no 
contrary  power  can  take  place  in  the  electrome- 
ter, it  will  remain  unelectrified.  Touch  the 
mug  with  Tome  conducting  fu  bftance,  and  it  will 
immediately  attract  the  balls. 

EXPERIMENT  CLXXVIir. 

Sufpend  a fmall  cylinder  of  gilt  paper  by  tin- 
foil,  and  then  touch  the  electrified  and  inf- 
lated mug  with  it,  a fpark  will  pafs  between 
them,  and  the  electricity  will  be  diffufed  in  each 
in  proportion  to  their  capacity.  Now  plunge 
the  inflated  cylinder  to  the  bottom  of  the  mug, 
and  it  will  reftore  to  it  the  electricity  it  had  re- 
ceived, and  does  not  give  the  leaft  fign  of  elec- 
tricity when  taken  out. 

EXPERIMENT  CLXXIX. 

Connect  a pair  of  pith  balls  with  an  inflat- 
ed metal  veffel,  in  which  a metal  chain  is  placed, 
raife  the  chain  by  means  of  a filk  thread,  and 
the  divergence  of  the  balls  will  diminifh  irr 
proportion  as  the  chain  is  raifed  and  difplayed  ; 
fhewing,  that  the  electricity  is  rarified,  and  its 
denfity  is  diminifh ed  in  proportion  as  it  ipreads 

itfelf 
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itlelf  from  the  furface  of  the  veffel  on  the  ex- , 
tended  chain ; which  is  confirmed  by  the  balls 
diverging  again  when  the  chain  is  let  down 
into  the  veffel.  This  experiment  affords  an 
eafy  folution  for  many  of  the  phoenomena  of 
atmofpheric  electricity,  as  why  the  vapour  of 
electri fled  water  gives  fuch  fmall  figns  of  elec- 
tricity, and  why  the  electricity  of  a cloud  is  in- 
creafed  by  being  compreffed  or  condenfed. 

> * . 

experiment  clxxx. 

Excite  a flip  of  white  flannel,  or  a filk  ribbon, 
and  take  as  many  fparks  from  it  as  it  will  give ; 
then  double  or  roll  it  up,  and  the  contracted 
flannel  will  be  ftrongly  electrical,  give  fparks, 
and  throw  out  brulhes  of  light. 

OF  THE  ADVANTAGES  WHICH  MAY  BE  DERIVED 
FROM  AN  IMPERFECT  INSULATION,  AND  OF 
RENDERING  VERY  SENSIBLE  VERY  SMALL 
DEGREES  OF  NATURAL  AND  ARTIFICIAL 
ELECTRICITY,  BY  MR.  VOLTA. 

A conductor,  properly  conftructed  for  making 
obfervations  on  atmofpherical  electricity,  will 
feldom  affect  the  moft  fenfible  electrometer  when 
the  fky  is  free  from  electrical  clouds \ but  by 

CL  means 
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means  of  the  apparatus  now  to  be  defcribed  '? 
will  appear  that  thefe  conductors  are  always 
rleCtrical,  and  confequently  the  air  which  fur- 
rounds  them  mult  be  at  all  times  eleCtrified. 
This  method  not  only  determines  the  exigence, 
but  alfo  the  quality  of  the  eleCtricity,  whether 
pofitive  or  negative,  and  that,  even  when  the 
conductor  will  not  attraCt  the  fineft  thread ; 
but  if  a very  fmall  attraction  is  vifible  in  the 
conductor,  then  the  apparatus  will  give  long 
fparks. 

The  eleCtrophorus  ufed  for  this  purpofe 
may  with  propriety  be  termed  a micro-elec- 
trometer, or  condenfcr  of  eleCtricity. 

Whenever  the  atmofpherical  conductor  gives 
fufficient  figns  of  eleCtricity,  then  the  conden- 
fing  apparatus  becomes  ufelef3.  For  when  the 
eleCtricity  is  ftrong,  it  often  happens  that  part 
of  the  eleCtricity  of  the  metal  plate  is  imprefled 
upon  the  other,  in  which  cafe  the  apparatus 
aCts  as  an  eleCtrophorus,  and  becomes  unfit 
for  our  purpofe. 

r The  apparatus  adapted  for  this  purpofe  con- 
fids  of  the  upper  plate  of  an  eleCtrophorus, 
and  a femi-eleCtric,  or  an  imperfeCt  conducting 
plane,  which  will  only  hinder  in  a certain 
degree  the  paflage  of  the  fluid.  Many  conduc- 
tors of  this  kind  niay  be  formed ; fuch  as  a 

H clean 
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clean  dry  marble  flab,  a plate  of  wood,  covered 
with  a coat  of  varnifh,  &c.  The  furface  ot 
thofebodiesnot  contracting  electricity,  or  it  any 
fhould  adhere  to  them  it  foon  vanifhes,  on  ac- 
count of  their  femi-conduCting  nature ; for 
which  reafon  they  cannot  anfwer  the  end  of  an 
eleCtrophorus,  but  are  fit  to  be  ufed  as  con- 
denfersof  eleCtricity. 

Care  fhould  be  taken  however  in  choofing 
this  plane,  that  it  be  not  of  too  free  a conduct- 
ing nature,  nor  likely  to  become  fo  by  ufe,  it 
being  abfolutely  neceflary  that  the  electricity 
fhould  find  a confiderable  refiftance  in  pervad- 
ing its  furface.  In  preparing  fuch  a plane,  by 
drying,  or  otherwife,  it  is  much  better  to  come 
too  near  than  too  far  from  a non-conduCtor. 
A marble  flab  or  board,  properly  dried,  anfwers 
well,  and  is  preferable  to  any  other  plane ; 
otherwife  the  plate  of  the  eleCtrophorus  is 
preferable  to  all  bodies  unprepared. 

The  worft  fort  of  marble,  if  coated  with  co- 
pal, amber,  or  lac-varnifh,  and  then  kept  in  an 
oven  for  a fhort  time,  will  anfwer  very  well, 
even  without  previoufly  warming  for  the  expe- 
riment. 

This,  in  faCt,  it  may  be  faid,  is  returning  to 
the  eleCtrophorus  : as  marble,  wood,  &c. 

varnifhed,  if  they  are  hot,  fnay  be  excited  by 
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a very  flight  fri&ion,  and  fometimes  by  only 
laying  the  metal  plate  on  them  ; to  prevent 
which  they  fliould  be  ufed  without  warming. 

The  advantage  plates  of  this  kind  have  over 
the  common  eledtrophorus  are,  i.  That  the 
varnifh  is  alwavs  thinner  than  the  common 

j 

refinous  ftratum  of  an  cledfrophorus ; and 
2.  That  the  varnifh  acquires  a l'moother  and 
plainer  furface  : hence  the  metal  plate  can  with 
more  advantage  be  adapted  to  it. 

Any  fort  of  plane,  covered  with  dry  and 
clean  oil-cloth,  or  oiled-filk,  or  fattin,  and  any 
other  filk  fluff  that  is  not  very  thick,  may  be 
ufed  with  equal  advantage,  if  it  is  flightly 
warmed.  Silk  fluffs  anfwer  better  for  this  pur- 
pofe  than  thofe  made  of  cotton  or  wool,  and  both 
better  than  linen.  Paper,  leather,  wood,  ivory, 
bone,  and  every  other  fort  of  imperfedt  con- 
dudtors  may  be  made  to  anfwer  to  a certain  de- 
gree, if  they  are  previoufly  dried,  and  kept  hot' 
during  the  experiment. 

This  apparatus  is  rendered  more  fimple  by 
applying  the  filk,  &c.  to  the  upper  plate  of 
metal,  which  is  fixed  to  the  glafs  handle,  in- 
flead  of  the  marble  or  other  plate,  which  now 
becomes  ufelefs ; for  in  its  ftead,  a plane  of 
any  kind  may  be  ufed,  as  a common  wooden  or 
marble  table,  even  not  very  dry  ; a piece  of 

metal. 
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metal,  a book,  or  any  other  conductor  with  a 
flat  Surface. 

Nothing  more  is  requifite  in  thefe  experi- 
ments than  that  the  electricity,  which  tends  to 
pafs  from  one  furface  to  the  other,  lhould  meet 
with  fome  refiftance  or  oppofition  in  one  of 
the  furfaces,  as  will  be  evident  in  the  fecond 
part. 

It  is  immaterial  whether  the  non-condu£ting 
or  femi-condu£ting  ttratum  be  laid  upon  one 
or  the  other  of  thofe  planes ; all  that  is  necef- 
fary  is,  that  they  lhould  coincide  together, 
which  renders  it  proper  to  ufe  two  planes  that 
have  been  ground  together,  and  one  of  them 
varnifhed.  A Angle  metal  plate,  covered  with 
fllk,  with  three  lilk  firings  fattened  to  it  by 
way  of  handle,  may  be  conveniently  ufed  for 
ordinary  experiments. 

To  ufe  the  apparatus,  the  upper  metal  plate 
mutt  be  placed  upon  the  uneledlrified  plate 
and  in  perfect  contaCt  with  it. 

The  plates  being  thus  placed,  let  a wire, 
communicating  with  the  condu&or,  be  brought 
to  touch  the  metal  plate  of  the  eledtrophorus, 
and  that  only. 

The  apparatus  being  left  in  that  fituation  a 
certain  time,  will  acquire  a fufficicnt  quantity 

of  ele&ricity,  but  very  flowly. 

« — 
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Remove  the  communicating  wire  from  the 
metal  plate,  and,  by  means  of  its  infulated 
handle,  feparate  it  from  the  under  one  ; it  will 
now  attraCt  a thread,  eleCtrify  an  electrometer, 
and,  if  it  is  ftrong,  will  give  fparks.  &c. 
though  the  atmofpherical  conductor  Ihewed  no, 
or  only  fmall,  figns  of  it. 

It  is  not  eafy  to  determine  the  exaCt  time 
neceflary  for  this  apparatus  to  remain  in  con- 
tact with  the  conductor,  as  it  will  depend  on 
many  circumftances  ; for,  if  there  are  no  figns 
of  eleCtricity  in  the  conductor,  it  will  require 
eight  or  ten  minutes,  but  if'  it  attracts  a fine 
thread,  as  many  feconds  will  be  found  fuffi- 
cient. 

It  is  difficult  alfo  to  determine  the  precife 
degree  to  which  the  eleCtricity  may  be  con- 
denfed,  or  how  much  the  eleCtrical  phenomena 
may  be  increafed  by  this  apparatus,  as  it  de- 
pends on  various  circumftances.  The  aug- 
mentation, is  however,  greater  in  proportion  as 
the  body  which  fupplies  the  metal  plate  has  a 
greater  capacity,  and  is  larger  in  proportion  as 
the  eleCtricity  is  weaker.  Thus,  though  the 
atmofpherical  conductor  has  fcarcely  power 

fufficient  to  attract  a fine  thread,  it  is  neverthe- 

/ 

lets  capable  of  giving  fuch  a quantity  of  elec- 
tricity to  the  metal  plate  of  the  eleCtrophorus, 

as 
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as  not  only  to  aCtuate  an  electrometer,  but 
even  dart  ftrong  fparks.  But  if  the  eleCtricity 
of  the  atmofpherical  conductor  is  ftrong  enough 
to  afford  fparks,  or  to  raife  the  index  of  the 
electrometer  to  5 or  6 degrees,  then  the  re- 
ceiving plate  of  the  eledtrophorus,  according 
to  this  method,  will  raife  its  index  to  the  high- 
eft  degree,  and  give  a ft.ronger  fpark ; yet  it 
may  be  plainly  perceived,  that  the  condenfa- 
tion  is  proportionably  lefs  in  this  than  in  the 
other  cafe  ; for  this  reafon  the  electricity  can- 
not be  accumulated  beyond  the  greateft  degree; 
that  is  to  fayr  when  it  is  increafed  fo  much  as 
to  be  diffipate.d  every  way:  Therefore,  as  the 

eleCtric  power,  which  fupplies  the  condenfer, 
is  neareft  ,to  the  higheft  degree,  the  condenfa- 
tion  is  proportionably  lefs  ; but  in  this  cafe  th£ 
condenfer  is  ufelefs ; its  principal  ufe  being  to 
colledt  and  render  fenfible  that  fmall  quantity 
of  electricity  which  would  otherwife  remain 
imperceptible  and  unobferved.. 

Hitherto  we  have  adapted  our  condenfer  to 
the  detecting  weak  atmofpherical  electricity, 
as  brought  down  by  the  conductor ; but  this, 
though  the  principal,  is  not  the  only  ufe  to 
which  it  may  be  applied.  It  will  likewife  dis- 
cover artificial  eleCtricity,  when  it  is  fo  weak 
rs  not  to  be  difcoverable  by  any  other  means, 
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A Leyden  phial  eharged,  and  then  difehar- 
ged  by  touching  its  coated  fides  with  the  dif- 
charging  rod  or  the  hand,  appears  to  be  quite 
deprived  of  its  electricity ; yet,  if  you  touch 
the  knob  of  it  with  the  metal  plate  of  the  con- 
denfer,  (fituated  upon  an  imperfeCt  conducting 
plane)  and  immediately  take  up  the  plate,  it 
will  be  found  to  give  very  canfpicuous  figns  of 
. eleCtricity.  But,  if  juft  fufficient  charge  is  left 
in  the  phial  to  attraCt  a fine  thread,  and  the 
metal  plate  is  then  brought  to  touch  the  knob 
for  a moment,  it  will,  when  lifted  up  give  a 
ftrong  fpark,  and  if  touched  again,  a fecond 
fcarce  fmaller  than  the  former;  and  thus,  fpark 
after  fpark  may  be  obtained  for  a long  time. 

This  method  of  producing  fparks,  by  means 
of  a phial  which  is  not  charged  fo  high  as  to 
give  fparks  of  itfelf,  is  very  convenient  for  va- 
rious pleafing  experiments ; as  to  fire  or  light 
the  inflammable  air-piftol,  or  lamp;  efpecially 
when  a perfon  is  provided  with  one  of  thofe 
phials  contrived  by  Mr.  Cavallo,  which,  when 
charged,  may  be  carried  in  the  pocket  a long 
time.  Thefe  phials,  as  they  retain  a fenfible 
charge  for  feveral  days,  will  retain  an  infenfible 
one  for  weeks  and  months;  or,  fuch  a one  as 
cannot  eafily  be  difeovered  without  the  conden- 
fer,  in  which  cafe  it  becomes  more  than  fenfi- 
ble 
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blc,  and  fuflicient  for  the  experiments  of  the 
inflammable  air-piftol,  &;c. 

Secondly,  If  vou  have  an  eledtrical  machine 
fo  far  out  of  order  that  its  conductor  will  not 
give  a fpark,  nor  attract  a thread,  then  let  this 
conductor  touch  the  metal  plate  of  the  conden- 
fer,  and  continue  in  that  (ituation  a few  mi- 
nutes, (the  machine  being  ftill  in  motion)  lift 
up  the  metal  plate,  and  you  will  obtain  from 
it  a ftrong  fpark. 

Thirdly.  If  the  eledtrical  machine  adts  well, 
but  the  condudtor  is  fo  badly  infulated  that  it 
will  not  give  a fpark,  either  from  its  being  con- 
nected with  the  walls  of  the  room,  or  by  hav- 
ing a chain  from  it  to  the  table,  let  the  con- 
ductor in  this  ftate  touch  the  metal  plate  of  the 
condenfer,  while  the  machine  is  in  adtion,  the 
plate  will  afterwards  give  fuflicient  ftrong  figns 
of  eledtricity ; which  proves  the  great  power 
this  apparatus  has  of  drawing  and  condenfing 
the  eledticity, 

Fourthly.  Where  the  eledtrometers  are  not 
fufficiently  fenfible  to  difeover  the  quantities  of 
excited  eledtricity,  thofe  quantities  may  be  rea- 
dily explored  by  the  condenfer.  For  this  pur- 
pofe,  rub  thofe  bodies  with  the  metal  plate  of 
the  condenfer,  which  for  this  purpole  muft  be 
naked,  and  if  the  plate  be  then  prefented  to  an 

elec- 


234  AN'ESSAY  ON 

an  electrometer,  it  will  be  found  confiderably 
eleCtrified,  although  the  body  rubbed  may  have 
acquired  little  or  no  electricity.  The  quality, 
whether  politive  or  negative,  may  ealily  he  af- 
certained,  lince  the  electricity  of  the  metal 
plate  mult  be  the  contrary  of  that  body  on 
which  it  was  rubbed.  Mr.  Cavallo  made  ufe 
of  this  method  to  difeover  the  eleCtricity  of 
many  bodies.  But  dill  a better  method  may 
be  ufed  in  cafe  the  bodies  to  be  examined  can- 
not ealily  be  adapted  to  the  metal  plate,  viz. 
The  metal  plate  being  laid  on  the  imperfect 
conducting  plane,  the  body  to  be  tried  is  rub- 
bed again!!,  or  repeatedly  ftroaked  upon  it, 
which  done,  the  plate  is  taken  up  and  examined 
by  an  electrometer.  If  the  body  tried  is  lea- 
ther, a firing,  cloth,  velvet,  or  other  imper- 
feCt  conductor  of  the  like  fort,  the  plate  will 
certainly  be  found  eleCtrified  and  incompar- 
ably more  by  this  means  than  if  it  were  ftroak- 
ed by  the  fame  bodies,  whilft  ftanding  in- 
fulated  in  the  air.  In  fhort,  by  either  of  thofe 
methods  you  will  obtain  eleCtricity  from  bo- 
dies which  could  hardly  be  expeCted  to  give 
any,  even  when  they  are  not  very  dry.  Indeed, 
coals  and  metals  excepted,  every  other  body 
will  afford  fome  eleCtricity.  EleCtricity  may 

often 
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often  be  obtained  by  ftroaking  the  plate  with 
the  naked  hand. 

The  metal  plate  has  a much  greater  power 
to  retain  electricity  when  it  lies  upon  a proper 
plane,  as  mentioned  in  the  foregoing  experi- 
ments, than  when  quite  infulated. 

It  is  eafy  to  comprehend,  that  where  the  ca- 
pacity of  holding  electricity  is  greateft,  there 
the  intensity  of  the  electricity  is  proportionably 
lefs,  for  it  will  then  require  a greater  quantity 
to  raife  it  to  a given  degree  of  intenfity ; fo  that 
the  capacity  is  inverfely  as  the  intenfity ; by 
which  we  mean,  that  endeavour,  by  which  the 
electricity  of  an  electrified  body  tends  to  efcape 
from  all  parts  of  it ; to  which  tendency  or  en- 
deavour, the  eleCtrical  phoenomena  of  attrac- 
tion and  repulfion,  and  efpecially  the  degree 
of  elevation  of  an  electrometer  correfpond. 

That  the  intenfity  of  electricity  mult  be  in- 
verfely proportioned  to  the  capacity  of  the  body 
electrified  will  be  clearly  exemplified  by  the 
following  experiment. 

• * 

Experiment  clxxxi. 

1 

✓ 

Take  two  metal  rods  of  equal  diameter,  the 
one  a foot,  the  other  five  feet  long ; let  the 

firft 
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fir  ft  be  electrified  till  the  index  of  the  elec- 
trometer rifes  to  6o°,  then  let  it  touch  the 
other  rod;  and  in  that  cafe  it  is  evident  that 
the  intenfity  of  the  electricity  being  diffufed 
between  the  two  rods,  will  be  diminifhed  as 
the  capacity  is  increafed  ; fo  that  the  index  of 
the  electrometer,  which  before  was  elevated  to 
6o°,  will  now  fall  to  io°,  viz,  to  one  fixth  of 
the  former  intenfity.  For  the  fame  reafon,  if 
the  like  quantity  of  electricity  was  communi- 
cated to  a rod  60  feet  long,  its  intenfity  would 
be  diminifhed  to  one  degree  ; and  on  the  con- 
trary, if  the  electricity  of  the  long  conductor 
was  contracted  into  the  60th  part  of  that  capa- 
city, its  intenfity  would  be  increafed  to  60. 

Conductors  of  different  bulk  have  not  only 
different  capacities  for  holding  electricity,  but 
alfo  the  capacity  of  the  fame  conductor  is  in- 
creafed and  diminifhed  in  proportion  as  its  fur- 
face  is  enlarged  and  contracted  ; as  is  fhewn  in 
Dr.  Franklin’s  experiment  of  the  can  and  chain, 
&c.  from  which  it  has  been  concluded  that  the 
capacity  of  conductors  is  in  proportion  to  their 
furface,  and  not  to  their  quantity  of  matter. 

This  conclufion  is  true,  but  does  not  com- 
prehend the  whole  theory,  fince  even  the  ex- 
tenfion  contributes  to  increafe  the  capacity.  In 
fhort,  it  appears  from  all  the  experiments  hi- 
therto 
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therto  made,  that  the  capacity  of  conductors 
is  not  in  proportion  to  the  furfaces  in  general, 
but  to  the  furfaces  which  are  free,  or  uninflu- 
enced by  fimilar  or  homologous  atmofpheres ; 
and  further,  that  the  capacity  of  a conductor, 
neither  altered  in  its  form  or  furface,  is  in- 
creafed,  when  inftead  of  remaining  quite  infu- 
lated,  it  is  prefented  to  another,  not  infulated  ; 
and  this  increafe  is  more  confpicuous,  as  the 
furfaces  of  the  conductors  are  larger  and  ap- 
proach nearer  to  each  other. 

The  above-mentioned  circumftances,  by 
which  the  natural  capacity  of  conductors  is 
greatly  augmented,  has  been  overlooked,  and 
therefore  no  advantage  has  hitherto  been  de- 
duced from  it.  The  following  experiment 
will  fhew  this  increafed  capacity  in  the  flmplefl 
manner. 


Experiment  clxxxii. 

Take  the  metal  plate  of  an  electrophorys. 
hold  it  by  its  handle  in  the  air,  and  electrify 
it  fo,  that  the  index  of  an  electrometer  an- 
nexed to  it  may  be  elevated  to  6o°,  then  lower 
the  plate  by  degrees  to  a table,  or  other  plane 
conducting  furface,  the  index  will  gradually 

fall 
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fall  from  6o°,  to  50°,  400,  30°,  &c.  and  yet 
the  quantity  of  electricity  in  the  plate  remains 
the  fame,  except  if  is  brought  fo  near  the  table 
as  to  occafion  a tranfmiflion  of  the  electricity 
from  the  former  to  the  latter;  at  leafl,  it  will 
remain  as  near  the  fame  as  the  dampnefs  of  the. 
air,  &c.  will  permit.  The  decreafe  of  intenfity 
is  owing  to  the  increafed  capacity  of  the  plate, 
which  is  now  not  infulated,  or  folitary , but 
conjugate , or  communicating  with  another  con- 
ductor : for  let  the  plate  be  gradually  removed 
from  the  table,  the  electrometer  will  rile  again 
to  its  former  ftation,  namely,  to  6o°  ; except- 
ing the  lofs  that  the  air,  See.  may  have  occa- 
fioned  during  the  experiment. 

The  reafon  of  this  phoenomenon  is  eafily  de- 
rived from  the  aCtion  of  eleCtric  atmofpheres. 
The  atmofphere  of  the  metal  plate,  which  for 
the  prefent  I fhall  fuppofe  electrified  politively, 
aCts  upon  the  table,  or  other  conductor,  to 
which  it  is  prefented  ; fo  that  the  eleCtric  fluid 
in  the  table  retiring  to  the  remoter  parts  of  it, 
becomes  more  rare  in  thofe  parts  which  are  ex- 
pofed  to  the  metal  plate,  and  this  rarefaCtion 
increafes  the  nearer  the  electrified  metal  is 
brought  to  the  table,  if  the  metal  plate  is  elec- 
trified negatively,  the  contrary  effeCls  take 
place.  In  fhort,  the  parts  which  are  immerfed 

in 
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in  the  fp here  of  aCtion  of  the  electrified  plate, 
by  contracting  a contrary  electricity,  give  the 
eleCtricitv  of  the  metal  plate  an  opportunity  to 
expand  itfelf,  and  will  thus  diminifh  its  inten- 
fity,  as  is  fhewn  by  the  depreflion  of  the  elec- 
trometer. 

The  two  following  experiments  will  throw 
more  light  upon  the  reciprocal  aCtion  of  the 
eleCtric  atmofpheres. 


Experiment  clxxxiii. 

EleCtrify  two  flat  conductors,  either  both 
pofitively  or  negatively,  then  bring  them  gra- 
dually towards  each  other,  and  it  will  appear, 
by  two  annexed  electrometers,  that  the  nearer 
they  approach  each  other,  the  more  their  den- 
lities  will  increafe,  as  all  elaftic  bodies  re-aCt 
in  proportion  as  they  are  aCted  on ; which 
fhews  that  either  of  the  two  conjugate  pow- 
ers has  a much  lefs  capacity  to  receive 
more  fluid  now  than  when  fingly  infulated, 
and  out  or  the  influence  of  the  other.  This 
experiment 'explains,  why  the  tenfion  of  the 
eleCtric  atmofphere  on  an  electrified  conduc- 
tor is  greater  when  it  is  contracted  into  a fmal- 
ler  bulk  ; and  alfo,  why  a long  extended  con- 
ductor 
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duCtor  will  fhew  lefs  intenfity  than  a more 
compact  one,  fuppofing  their  quantity  of  fur- 
face  and  electricity  to  be  the  fame;  becaufe 
the  homologous  atmofpheres  of  their  parts  in- 
terfere lefs  with  each  other  in  the  former  than 
in  the  latter  cafe,  and  of  courfe,  as  their  aCtion 
is  lefs,  the  re-aCtion  is  alfo  lefs. 


EXPERIMENT  CLXXXIV. 

EleCtrify  one  of  thefe  flat  conductors  pofi- 
tively,  the  other  negatively,  and  the  effeCts 
will  then  be  juft  the  reverfe  of  the  preceding, 
viz.  the  intenfity  of  their  electricities  will  be 
diminiflied,  becaufe  their  capacities*  or  their 
power  and  facility  of  expanding  are  increafed 
, the  nearer  the  conductors  come  to  each  other* 
Apply  the  explanation  of  this  laft  experiment 
to  that  mentioned  before,  viz.  the  bringing 
the  electrified  metal  plate  towards  a conduct- 
ing plane,  which  is  not  infulated;  for,  as  this 
plane  acquires  a contrary  eleCtricity,  it  follows 
that  the  intenfity  of  eleCtricity  in  the  metal 
plate  muft  be  diminiflied,  and  the  annexed  elec- 
trometer is  deprefled  according  as  the  capacity 
of  the  plate  is  increafed,  or  as  the  denfity  of 
its  atmofphere  is  diminiflied  ; and  confequently 

the 
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the  plate  in  that  fituation  is  capable  of  receiv- 
ing a greater  quantity  of  electricity. 

This  will  be  rendered  (till  clearer  by  the  fol- 
lowing experiment. 


experiment  clxxxv, 

Infulate  the  conducting  plane  whilft  the  other 
electrified  plate  is  upon  it,  and  afterwards  fe-> 
parating  them,  both  the  metal  plate  and  con- 
ducting plane,  which  may  be  called  the  inferior 
plane,  will  be  found  eleCtrified,  but  poffeffed 
of  contrary  electricities,  as  may  be  afcertained 
by  electrometers. 

If  the  inferior  plane  is  infulatcd  firft,  and 
then  the  eleCtrified  plate  is  brought  over  it, 
then  the  latter  will  caufe  an  endeavour  in  the 
former  to  acquire  a contrary  electricity,  which 
the  infulation  prevents  from  taking  place  ; 
hence  the  intenfity  of  the  eleCtricity  of  the 
plate  is  not  diminifhed,  at  lead  the  electrome- 
ter will  fhew  a very  little,  and  almoft  imper- 
ceptible depreffion,  which  fmall  deprefiion  is 
owing  to  the  imperfeCtion  of  the  infulation  of 
the  inferior  plane,  and  to  the  fmall  rarefaCtion 
and  condenfation  of  the  eleCtric  fluid  which 
may  take  place  in  different  parts  of  the  faid 
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inferior  plane.  But  if,  in  this  fituation,  the 
inferior  plane  be  touched  fo  as  to  cut  off  the 
infulation  for  a moment,  then  it  will  acquire 
the  contrary  electricity,  and  the  intenfity  in 
the  metal  plate  will  be  diminifhed. 

If  the  inferior  plate,  inftead  of  being  infu- 
lated,  were  itfelf  a non-conduCting  fubftance, 
then  the  fame  phoenomena  would  happen,  viz* 
the  intenfity  of  the  electrified  metal  plate  laid 
upon  it  would  not  be  diminifhed.  This,  how- 
ever, is  not  always  the  cafe,  for  if  the  faid  in- 
ferior non-conduCting  plane  is  very  thin,  and 
is  laid  upon  a conductor,  then  the  intenfity  of 
the  electrified  metal  plate  will  be  diminifhed, 
and  its  capacity  will  be  increafed  by  being  laid 
upon  the  thin  infulating  ftratum  : as  in  that 
cafe,  the  conducting  fubffance,  which  ftands 
under  the  non-conduCting  ftratum,  acquiring 
an  eleCtricity  contrary  to  that  of  the  metal 
plate,  will  diminifh  its  intenfity,  &c.  and  then 
the  infulating  ftratum  will  only  diminifh  the 
mutual  aCtion  of  the  two  atmofpheres  more  or 
lefs,  according  as  it  keeps  them  at  greater  or 
fmaller  diftances  from  each  other. 

The  intenfity  or  eleCtric  aCtion  of  the  metal 
plate,  which  diminifhes  gradually  as  it  is 
brought  nearer  and  nearer  to  a conducting  plane 
not  infulated,  becomes  almoft  nothing  when 

the 
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the  plate  is  nearly  in  contact  with  the  plane, 
the  compenfation  or  natural  balance  being 
nearly  perfeCt.  Hence,  if  the  interior  plane 
only  oppofes  a fmall  refinance  to  the  paffage  ol 

the  electricity,  (whether  fuch  refinance  is  oc- 
calioned  by  a thin  eleCtric  ftratum,  or  by  the 
plane’s  imperfect  concluding  nature,  as  is  the 
cafe  with  dry  wood,  marble,  &c.)  that  refift- 
ance,  joined  to  the  interval,  however  fmall, 
that  is  between  the  two  plates,  cannot  be  over- 
come by  the  weak  intenfity  of  the  electricity 
of  the  metal  plate,  which  on  that  account  will 
not  dart  any  fpark  to  the  inferior  plane,  (ex- 
cept its  eleCtricity  were  very  powerful,  or  its 
edges  not  well  rounded)  and  will  rather  retain 
its  eleCtricity;  fo  that  being  removed  from  the 
inferior  plane,  its  electrometer  will  nearly  reco- 
ver its  former  height,  Befides  the  eleCtrified 
plate  may  even  come  to  touch  the  imperfeCtly 
conducting  plane,  and  may  remain  in  that  fi- 
tuation  for  fome  time;  in  which  cafe,  the  in- 
tenfity being  reduced  almoft  to  nothing,  the 
eleCtricity  will  accordingly  pafs  but  flowly  to 
the  inferior  plane.  But  the  cafe  is  different, 
if,  in  performing  this  experiment,  the  electri- 
fied metal  plate  touches  the  inferior  plane 
edgewife,  for  then  its  intenfity  being  greater 
than  when  it  is  laid  flat,  as  appears  by  the  elec- 
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trometer,  the  electricity  eafily  overcomes  the 
fmall  refiftances,  and  paffes  to  the  inferior  plane, 
even  acrofs  a thin  ftratum,  becaufe  the  elec- 
tricity of  one  plane  is  balanced  by  that  of  the 
other,  only  in  proportion  to  the  quantity  of 
furface  which  they  oppofe  to  each  other  within 
a given  diftance;  fo  that  when  the  metal  plate 
touches  the  other  plane  in  flat  and  ample  con- 
tad,  its  eledricity  is  not  diflipated.  This  ap- 
parent paradox  is  clearly  explained  by  the  the- 
ory of  eledric  atmofpheres. 

*Tis  flill  more  like  a paradox,  that  neither 
touching  the  metal  plate  with  a finger  or  piece 
of  metal  will  deprive  it  of  all  its  eledricity, 
while  {landing  upon  the  proper  plane;  fo  that 
it  generally  leaves  it  fo  far  eledrified  that  when 
feparated  from  the  plane,  it  will  give  a fpark. 
Indeed,  this  pheenomenon  eould  not  be  ex- 
plained on  the  fuppofition,  that  the  finger  or 
metal  were  perfed  condudors.  But,  fince  we 
do  not  know  of  any  perfed  condudor,  the  me- 
tal or  finger  oppofe  a fufficient  refiftance  to  re- 
tard the  immediate  diflipation  of  the  elec- 
tricity of  the  plate,  which  is  in  that  cafe  aduat- 
ed  by  a very  fmall  degree  of  intenfity,  or  power 
of  expanfion;  fo  that,  fuppofe  for  inftance, 
the  piece  of  metal  or  finger  touching  the  plate 
took  off  fo  much  of  its  eledricity  as  to  reduce 

the 
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the  intenhty  of  the  remainder  to  the  50th  part 
of  a degree,  this  remaining  electricity  would 
be  then  nothing  ; but  when  the  plate,  by  being 
feparated  from  the  inferior  plane,  has  its  capa- 
city fo  far  diminiflicd  as  to  render  the  intenfity 
of  its  eleCtricity  100  times  greater,  then  the 
intenfity  of  that  remaining  eleCtricity  would  be- 
come of  two  degrees  or  more;  viz.  fufficient  to 
afford  a fpark. 

Having  confidered  in  what  manner  the  aCtion 
of  eleCtric  atmofpheres  modifies  the  eleCtricity 
of  the  metal  plate  in  its  various  fituations,  we 
fliall  now  confider  the  effeCts  which  take  place 
when  the  eleCtricity  is  communicated  to  the 
metal  plate,  whilfi:  ffanding  upon  a metal  plane. 
As  the  whole  bufinefs  has  been  proved  in  the 
preceding  pages,  it  iseafy  to  deduce  the  appli- 
cations from  it;  neverthelefs,  it  will  be  ufeful 
to  exemplify  it  by  an  experiment. 


EXPERIMENT  CLXXXVI. 

Suppofe  a Leyden  phial  or  a conductor,  fo 
weakly  eleCtrified  that  its  intenfity  is  one  half  a 
a degree,  or  even  lefs : if  the  metal  plate  of 
the  condenfer,  when  {landing  upon  its  proper 
plane  was  to  be  touched  with  that  phial  or  con- 
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du&or,  it  is  evident  that  either  of  them  would 
. impart  to  it  a quantity  of  its  eleCtricity, 
proportional  to  the  plate’s  capacity,  viz.  fo 
much  as  fhould  make  the  intenfity  of  the 
electricity  of  the  plate  equal  to  that  of 
the  electricity  in  the  conductor  or  phial, 
viz.  half  a degree  ; but  the  plate’s  capacity, 
now  it  lies  upop  a proper  plane,  is  above 
ioo  times  greater  than  if  it  flood  infulated 
in  the  air,  or  which  is  the  fame  thing,  it 
acquires  ioo  times  more  electricity  from 
the  phial  or  conductor.  It  naturally  follows, 
that  when  the  metal  plate  is  removed  from 
the  proper  plane,  its  capacity  being  lef- 
iened  fo  as  to  remain  equal  to  the  iooth 
part  of  what  it  was  before,  the  intenfity  of 
its  electricity  muft  become  50°,  fince  the 
intenfity  of  the  electricity  in  the  phial  or 
conductor  was  half  a degree. 

If  a fmall  quantity  of  electricity,  applied 
to  the  metal  plate  of  the  cpndenfer,  ena- 
bles it  to  give  a ftrong  fpark,  it  may  be 
afked,  What  would  a greater  quantity  do  ? 
Why  nothing  more.  Becaufe,  when  the  elec- 
tricity communicated  to  the  metal  plate  is 
fo  ftrong  as  to  overcome  the  fmall  refiftance 
of  the  inferior  plane  it  will  be  diffipated. 

It 
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It  is  eafy  to  underftand,  that  if  the  metal 
plate  of  the  condenfer  can  receive  a good  fbare 
of  electricity  from  a Leyden  phial  or  ample 
conductor,  however  weakly  eleCtrified,  it  can- 
not receive  any  confiderable  quantity  of  it  from 
a conductor  of  fmall  capacity  ; for  this  conduc- 
tor cannot  give  what  it  has  not,  except  it  were 
continually  receiving  a ftream,  however  fmall 
as  is  the  cafe  with  an  atmofpherical  conductor, 
or  with  the  conductor  of  a machine  which  aCts 
very  poorly,  but  continues  in  aCtion.  In  thofe 
cafes  it  has  been  obferved,  that  a confiderable 
time  is  required  before  the  metal  plate  has  ac- 
quired a fufficient  quantity  of  eleCtricity. 

As  an  ample  conductor,  weakly  eleCtrified, 
imparts  a confiderable  quantity  of  eleCtricity  to 
the  metal  plate  of  the  condenfer,  fo  when  this 
plate  is  afterwards  feparated  from  its  plane,  the 
eleCtricity  in  it  appears  much  condenfed  and 
vigorous ; fo  when  the  fame  plate  contains  a 
fmall  quantity  of  electricity,  luch  as  cannot 
give  a fpark  or  affeCt  an  eleCtrometer,  that  elec- 
tricity may  be  rendered  very  confpicuous  by 
communicating  it  to  another  fmall  plate  or  con- 
denfer. 

Mr.  Cavallo  firft  thought  of  this  improve- 
ment, by  reafoning  on  Mr.  Volta’s  experiments. 
He  made  a fmall  metal  plate  not  exceeding  the 
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fize  of  a fhilling.  This  fecond  condenfer  is 
of  great  ufe  in  many  cafes  where  the  electricity 
is  fo  fmall  as  not  to  be  at  all,  or  not  clearly,  ob.- 
fervable  by  one  condenfer  only,  as  has  been 
fully  proved.  Sometimes  the  ufual  metal  plate 
of  a condenfer  acquires  fo  fmall  a quantity 
of  eleCtricitv,  that  being  afterwards  taken  from 
the  inferior  plane,  and  prefented  to  an  extremely 
fenfible  electrometer,  made  by  Mr.  Cavallo,  it 
did  not  affeCt  it.  In  this  cafe,  if  the  faid  plate, 
thus  weakly  eleCtrified,  was  made  to  touch  the 
other  fmall  plate  properly  fituated,  and  was  af- 
terwards brought  near  an  electrometer,  the 
eleCtricity  was  then  generally  ftronger  than 
was  fufficient  merely  to  afcertain  its  quality. 

Now  if,  by  the  help  of  both  condenfers,  the 
intenfity  of  the  eleCtricity  has  been  augmented 
1000  times,  which  is  by  no  means  an  exagge- 
ration, how  weak  muff  then  be  the  eleCtricity 
of  the  body  examined  ! how  fmall  the  quan*. 
titv  of  eleCtricity  that  is  produced  by  rubbing 
a piece  of  metal  with  one’s  hand  ! fince  when 
it  is  condenfed  by  both  condenfers,  and  then 
communicated  to  an  electrometer,  it  will  hardly 
affeCt  that  inftrument,  and  yet  is  fufficient  to 
afford  conviction  that  the  metal  can  be  elec- 
trified by  the  friCtion  of  a perfon’s  hand, 
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Before  the  difcovery  of  the  condenfer  and 
Mr.  Caval Id’s  very  fenfible  electrometer,  we 
were  far  from  being  able  to  difcover  fuch  weak 
excitations  ; whereas,  at  prefent,  we  can  ob- 
ferve  a qnantity  of  electricity,  incomparably 
fmaller  than  tjie  fmalleft  obfervable  at  thofp 
tirncs. 
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CHAP.  XII. 

OF  ATMOSPHERICAL  ELECTRICITY. 

IT  is  now  univerfally  acknowledged  by  every 
philofopher,  that  the  eledtric  fluid  is  dififemi- 
nated  through  the  whole  atmofphere  : it  is  alfo 
known  that  the  motion  of  this  fluid  is  reftrained 
when  it  adts  in  denfe  air,  but  it  moves  with  the 
greateft  liberty  in  a vacuum  or  rarified  air  as 
in  an  exhaufted  receiver.  Therefore  at  a great 
height,  where  the  air  is  equally,  if  not  more  ra- 
rified than  in  our  receivers,  its  motion  muft  be 
exceeding  free,  and  hence  capable  of  the  greateft 
effects  : becaufe  it  can  be  moved  from  one  place 
to  another  with  extreme  eafe  and  rapidity,  and 
in  great  quantities ; and  if,  as  many  philofophers 
believe,  the  eledtric  fluid  is  that  ether  or  fubtil 
matter  which  fills  the  intervals  between  the 
planets,  how  great  muft  be  the  force  of  an  agent 
which  fills  thefe  immenfe  fpaces ! Be  this  as  it 
will,  we  know  that  the  upper  ftrata  of  air  are 
filled  with  this  fluid,  and  that  it  moves  there 
freely. 

Again,  we  know  that  water,  whether  in  fub- 
ftance  or  in  vapour,  is  a condudtor  of  eledtricity; 

that 
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that  in  proportion  as  air  is  loaded  with  it,  it 
refills  lefs  the  motion  and  diffufion  of  the  elec- 
tric fluid  ; confequently,  if  vapour  rifes  to  a 
great  height,  it  becomes  a condudor  and  canal 
of  communication  between  this  immenfe  refer- 
voir,  this  ocean  of  free  ele&ric  fluid,  and  the 
entire  mafs  of  our  globe.  If  then  this  fluid  is 
more  rellrained  at  one  part  of  our  globe  than 
it  is  in  correlponding  parts  of  the  higher  regions 
the  vapours  will  be  the  medium  to  reflore  the 
equilibrium.  But  this  equilibrium  will  not  lalt 
long,  for  it  is  natural  to  luppofe  this  immenfe 
fluid  fubje6t  to  a flux  and  reflux,  currents,  &c. 
which  will  alter  its  local  denfity.  Thus'  alfo 
this  fluid  which  is  contained  in  our  globe,  can- 
not be  long  uniformly  fpread  through  its  mafs, 
as  there  are  ten  thoufand  agents,  which  will 
either  accumulate  or  rarify  it : confequently  va- 
pour will  fcarce  ever  rife  without  ferving  as  a 
vehicle  to  maintain  the  equilibrium  between  our 
globe  and  the  fluid  in  the  higher  regions  of  the 
atmofphere.  . ? . 

This  theory  is  fo  natural  a confequence  of  the 
rnofl  immediate  and  certain  principles  of  eledtri- 
city,  that  it  feems  almojl  fuperfluous  to  confirm 
it  by  the  phoenomena  which  it  explains.  It  is 
the  only  one  that  accounts  for  the  following 
fa£t,  that  vapours  never  rife  to  a great  height 
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without  producing  the  moft  terrible  meteors. 
All  confiderable  volcanic  produdtions  are  ac- 
companied with  lightening.  The  fire  which  rifes 
from  the  earth  feems  to-  light  that  of  heaven. 
The  column  of  vapour  which  proceeds  from 
the  bowels  of  a volcano  is  continually  traverfed 
by  lightening  *,  which  fometimes  feems  to  pro- 
ceed from  the  higher  regions,  fometimes  from 
the  column  itfelf,  Hail,  which  neceflarily  fup- 
pofes  the  afcenfion  of  vapour  to  a confiderable 
height,  is  always  accompanied  with  eledtricity. 
The  aurora  borealis  is  alfo  eledtrical ; its  light 
feems  to  be  produced  by  the  eledtric  fluid,  at 
the  inftant  it  is  condenfed  in  palling  in  the  co- 
lumns of  elevated  vapour, 

Waterlpouts,  whirlwinds,  and  even  earth- 
quakes, are  in  a great  meafure  the  efFedts  of 
torrents  of  the  eledtric  matter,  attradled  from  the 
Jiigher  regions  by  torrents  of  vapour.  In  a 
word,  can  the  eledlricity  of  the  clouds  be  attri- 
buted to  a more  natural  or  probable  caufe  -j~  ? 

For  the  fubjedt  of  this  chapter  we  are  prin- 
cipally indebted  to  P.  Beccaria,  who  has  for 

* The  younger  Pliny  obferved  thefe  lightenings  in  the 
•ruption  which  killed  his  uncle.  Sir  William  Hamilton 
Jias  alfo  obferved  them  feveral  times. 

-j-  Saulfure’s  Elfais  fur  l’Hygropietric,  p.275. 
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many  years  accurately  obferved  the  various 
changes  in  the  electricity  of  the  atmofphere, 
and  their  relation  to  the  other  phcenomena  of 
the  weather.  His  apparatus  was  admirably  well 
adapted  for  this  purpofe,  and  fuperior  to  any 
thing  that  we  are  at  prefent  acquainted  with, 
for  intimating  eafily  and  at  all  times  the  elec- 
tricity of  the  air.  It  not  being  at  firft  fufpeCted, 
that  eleCtricity  was  fo  intimately  blended  with 
every  operation  of  nature,  as  it  is  now  known 
to  be,  the  labourers  in  this  part  are  of  courfe 
very  few ; the  principal  are  P.  Beccaria,  Mr. 
Ronayne,  and  Mr.  Cavallo. 

I have  extracted  and  methodized  the  refults 
of  the  obfervations  made  by  P.  Beccaria,  intro- 
ducing occafionally  thofe  made  by  others,  that 
the  reader  might  be  in  poflefiion  of  the  moft 
material  faCts,  and  excited  to  inveftigate  and 
purfue  with  attention  this  delicate  and  impor- 
tant fubjeCt ; for,  indeed,  little  certainty  can  be 
expeCted  from  any  fyftem  of  meteorology  where 
the  aCtion  of  the  principal  agent  is  not  particu- 
larly confidered  and  attended  to. 

The  apparatus  ufed  by  P.  Beccaria,  for  in- 
veftigating  the  eleCtricity  of  the  atmofphere, 
was  an  iron  wire,  which  he  terms  an  exploring 
wire,  one  hundred  and  thirty-two  feet  long. 
It  was  fixed  at  one  end  to  a pole  raifed  over  the 
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chimney ; the  other  end  was  fattened  to  the  top 
of  a cherry-tree.  The  extremities  of  the  wire 
were  infulated,  and  covered  with  a fmall  um- 
brella of  tin.  Another  wire  was  brought  from 
this,  (through  a thick  glafs  tube*  coated  with 
fealmg-wax)  into  the  room ; by  which  means, 
continual  information  of  the  ftate  of  the  elec- 
tricity in  the  exploring  wire  was  obtained.  He 
connected  with  this  wire  a fmall  flip  of  metal, 
on  each  fide  of  which  was  a fmall  pith  ball, 
one  line  diameter ; the  balls  were  fufpended  by 
filk  threads,  fixteen  lines  long. 

Air  balloons  will  probably  enable  us  to  dis- 
cover with  certainty  the  eleCtricity  of  the  diffe- 
rent ftrata  of  the  atmofphere.  Mr.  de  Sauflure 
has  already  made  the  experiment  with  a balloon 
made  of  taffety,'  containing  two  hundred  cubic 
feet  of  air,  and  which  v/as  raifed  by  the  heat  from 
the  flame  of  fpirit  of  wine  : with  this,  in  cloudy 
but  calm  weather,  he  obtained  a ftrong  potttive 
electricity  *. 

The  eleCtricity,  in  ferene  weather,  generally 
makes  each  of  the  balls  diverge  about  fix  lines  ; 
when  it  is  very  ftrong,  they  will  diverge  fifteen 
or  twenty  degrees  from  the  metal  plate  j when 
weak,  the  divergence  is  very  fmall. 

* Faujas  de  St.  Fond,  Description  des  Experiences 
Aeroitatiques,  tom.  II.  p.271. 
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In  ferene  weather,  the  wire,  after  being 
touched,  will  take  a minute  or  longer  before  it 
again  fhews  figns  of  eleCtricity ; though,  at 
other  times,  it  will  become  eleCtriiied  in  the 
fpace  of  a fecond. 

The  ele&ricity  during  ferene  weather  is  al- 
ways pofitive.  There  are  few  inftances  in  which 
it  is  negative,  and  then  it  is  brought  over  by 
the  wind  from  fome  part  of  the  atmofphere, 
(perhaps  very  diftant  from  the  place  of  obfer- 
vation)  where  there  is  either  fog,  fnow,  rain,  or 
clouds.  The  whole  feries  of  obfervations  which 
P.  Beccaria  has  made  confirm  this  pofition. 
He  feems  to  have  met  with  only  three  or  four 
inftances  to  the  contrary. 

Dr.  Franklin  has  obferved,  that  the  clouds 
are  fometimes  negative,  which  is  certainly  true ; 
becaufe  they  will  at  times  abforb,  at  and  through 
the  apparatus,  a large  and  full  bottle  of  pofitive 
ele<ftricity,  of  which  the  apparatus  could  not 
have  received  and  retained  the  hundredth  part. 
And  it  is  eafy  to  conceive,  how  a ftrongly 
charged  large  pofitive  cloud  may  reduce  fmaller 
clouds  to  a negative  ftate. 

The  electricity  of  the  atmofphere  is  very 
much  connected  with  the  ftate  of  the  air,  as  to 
moifture  and  drynefs  j fo  that  it  is  necefiary  to 
attend  to  the  hygrometer,  in  order  to  form  a 

proper 
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proper  judgment  of  the  different  degrees  of 
electricity  at  different  times.  That  invented  by 
Mr.  Coventry,  which  is  made  of  hatters*  paper, 
will  anfwer  bell;  it  is  very  fenfible,  abforbs 
moifture  foon,  and  parts  with  it  eafily.  Com- 
parative obfervations  may  alfo  be  made  with  it. 
It  is  alfo  neceffary  to  place  a thermometer  near 
the  hygrometer,  to  afcertain  what  quantity  of 
moifture  the  air  can  keep  in  folution  with  a 
given  degree  of  heat : though  this  object  will 
more  probably  be  obtained  by  obferving  ac- 
curately the  quantity  of  moifture  evaporated 
from  a given  furface  at  different  times.  It  is 
alfo  to  be  obferved,  that  the  different  degrees  of 
denfity  in  the  air  will  affect  the  quantity  of 
moifture  which  is  retained  in  the  air. 

The  moifture  in  the  air  is  the.conftant  con- 
ductor of  the  atmofpheric  electricity  during 
clear  weather ; and  the  quantity  of  electricity 
is  proportioned  to  the  quantity  of  moifture 
which  furrounds  the  exploring  wire;  except 
there  is  fo  much  as  to  leften  the  exactnefs  of 
the  infulation  of  the  wire  and  of  the  atmofphere. 
In  a dry  ftate  of  the  air  it  will  fometimes  be 
above  a minute  before  the  balls  will  manifeft 
any  electricity  after  the  wire  has  been  touched ; 
though  in  a damper  ftate,  a fecond  will  fcarce 
elapfe  before  rapid  ofcillations  of  the  balls  may 
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be  obferved  between  the  finger  and  the  plate 
of  brafs  to  which  they  are  affixed 

The  eleCtricity,  when  the  weather  clears  up, 
is  always  pofitive.  When  the  weather  is  clear- 
ing up,  and  becomes  dry  quickly,  the  electricity 
rifes  to  a great  degree  of  intenfity,  and  affords 
frequent  opportunities  for  repeating  the  ob- 
fervations.  It  fometimes  happens,  that  the  elec- 
tricity, caufed  by  the  clearing  up  of  the  wea- 
ther, continues  in  its  Hate  of  intenfity  for  a 
long  while  j and  alfo,  after  being  interrupted,  it 
begins  afreffi.  Thefe  accidents  feem  to  be  ow- 
ing to  the  eleClricity  being  brought  over  by  the 
wind  from  great  diftances. 

P.  Beccaria  fays,  that  whenever  he  obferved 
that  the  thick  low  clouds  which  wrere  over  his 
head  began  to  break,  and  the  rare  even  clouds, 
which  are  above  the  former,  became  dilated,  that 
the  rain  ceafed,  and  the  balls  diverged  with 
pofitive  eleCtricity,  he  always  wrote  down  cer- 
tain TENDENCY  TO  CLEAR  WEATHER. 

* ■ - i 

Prior  Ceca  fays,  that  a (trong  pofitive  eleCtri- 

* In  making  obfervations  on  the  ele&ricity  of  the  atmo- 
fphere  in  clear  weather,  it  is  elfential  to  repeat  them  very 
frequently  ; i.  e.  to  oblerve  the  velocity  with  which  the 
ele&ricity  rifes  after  it  has  been  annihilated  ; which  P.  Bec- 
caria generally  eflimated  by  the  number  of  feconds  elapfed 
before  the  balls  began  to  manifcli  their  electricity. 
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city  after  rain  is  an  indication  that  the  weather 
will  continue  fair  for  feveral  days.  If  the  elec- 
tricity is  weak,  it  is  a fign  that  the  fair  weather 
will  not  laft  the  whole  day,  but  that  it  will  foon 
be  cloudy,  and  even  rain. 

If,  when  the  Iky  grows  clouded  over  the 
place  of  obfervation,  and  a high  cloud  is  form- 
ed, without  any  fecondary  clouds  under  it,  and 
that  it  is  not  an  extenfion  of  a cloud  which 
drops  rain  elfewhere ; either  no  electricity  take* 
place,  or  it  is  pofitive. 

If  the  clouds  which  are  gathering  are  fhaped 
like  locks  of  wool,  and  keep  moving  firft  nearer 
to,  and  then  feparating  from  each  other ; or,  if 
the  general  cloud  which  is  forming  lies  very 
high,  and  is  ftretched  downwards  like  defend- 
ing fmoke,  then  pofitive  eleCtricity  commonly 
takes  place,  which  is  more  or  lefs  ftrong  in 
proportion  to  the  quicknefs  with  which  this 
cloud  forms ; and  it  foretells  the  greater  or  lefs 
quantity  and  velocity  of  the  rain  or  fnow  which 
is  to  follow. 

When  a thin,  even,  and  extenfive  cloud  is 
forming,  which  darkens  the  Iky,  and  turns  it 
into  a grey  colour,  a ftrong  and  repeated  pofi- 
tive eleftricity  takes  place } but  in  proportion 
as  the  gathering  of  the  cloud  flackens,  this- 
cleClricity  leflens,  or  even  fails.  On  the  con- 
trary. 
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trary,  if  the  rare  extenfive  cloud  is  gradually 
formed  of  fmaller  clouds,  like  locks  of  wool* 
which  are  continually  joining  to,  and  parting 
from  each  other,  the  pofitive  eledlricity  com- 
monly continues. 

Low  and  thick  fogs  (efpecially  when  as 
they  rife  the  air  above  them  is  free  from  moi- 
fture)  carry  up  to  the  exploring  wire  an  eledtri- 
city  which  will  give  fmall  fparks  repeatedly,  and 
produce  a divergence  of  the  balls  from  20°  to 
25  °,  or  even  30°.  If  the  fog  grows  fluggifh, 
and  continues  round  the  exploring  wire,  the 
electricity  foon  fails ; but,  if  it  continues  to  rife, 
and  another  cloud  fucceeds,  it  eledtrifies  again 
the  wire,  though  lefs  than  before.  Sky-rockets 
fent  through  fuch  thick,  low,  and  continued 
fogs,  often  afford  figns  of  eledlricity.  P.  Bec- 
caria,  under  any  one  of  the  circumflances  above 
defcribed,  never  met  with  an  inftance  of  nega- 
tive eledlricity  ; except,  perhaps  once,  when  he 
fent  a fky-rocket,  to  which  a firing  was  fixed, 
through  a low  thick  fog;  though  he  had  after- 
wards every  reafon  to  think  that  he  had  mif- 
taken  a false  little  star  for  a true  one. 

Mr.  Ronayne  obferved,  that  the  air  in  Ireland 
was  generally  eledlrified  in  a fog,  and  even  in  a 
mifl,  and  that  both  day  and  night,  but  prin- 
cipally in  winter ; feldom  in  fummer,  except 
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from  pofitive  clouds,  or  cool  fogs.  The  electri- 
city of  the  air  in  a ftoft  or  fog  is  always  pofitive. 
He  fays,  that  he  has  often  obferved,  during 
what  feemed  the  palling  of  one  cloud,  fuccef- 
five  changes  from  negative  to  pofitive,  and  from 
pofitive  to  negative. 

N.  B.  Moft  fogs  have  a fmell  very  like  ail 
excited  glafs  tube. 

Mr.  Henly  has  fhewn,  that  fogs  are  more 
ftrongly  eleCtrified  in,  or  immediately  after  a 
frolt,  than  at  other  times ; and  that  the  electri- 
city in  fogs  is  often  the  ftrongeft  foon  after  their 
appearance. 

Whenever  there  appears  a thick  fog,  and  at 
the  lame  time  the  air  is  lharp  and  frofty,  that 
fog  is  ftrongly  eledtrified  pofitively. 

Though  rain  is  not  an  immediate  caufe,  yet 
he  is  inclined  to  think  it  was  always  a remote 
confequence,  of  electricity  in  the  atmolphere ; 
and  he  generally  found,  that  in  two  or  three 
days  after  he  had  difcovered  the  air  to  be 
ftrongly  eleClrified,  we  had  rain,  or  other  fall- 
ing weather. 

If,  in  clear  weather,  a low  cloud,  which  moves 
flowiy  and  is  confiderably  diftant  from  any  other, 
pafies  over  the  wire,  the  pofitive  eleCtricity 
generally  grows  very  weak,  but  does  not  be- 
come negative ; and  when  the  cloud  is  gone,  it 
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returns  to  its  former  ftate.  When  many  whit- 
iili  clouds,  like  locks  of  wool,  keep  over  the 
wire,  fometimes  uniting  with,  and  then  fepa- 
rating  from,  each  other,  thus  forming  a body 
of  confiderable  extent,  the  pofitive  electricity 
commonly  increafes.  In  all  the  above  circum- 
ftances  the  pofitive  eleCtricity  never  changes  to 
a negative  one. 

The  clouds  which  leflen  the  eleCtricity  of  the 
exploring  wire  are  thofe  which  move ; though 
thofe  that  are  low  feem  alfo  to  have  the  fame 
effect. 


OF  THE  DIURNAL  ATMOSPHERICAL  ELECTRI- 
CITY. 

In  the  morning,  when  the  hygrometer  indi-  * 
cates  a degree  of  dry  nek  equal  to,  or  little  lefs 
than  that  of  the  preceding  day,  an  eleCtricity 
takes  place  before  the  fun  rifes ; which  is  ma- 
nifefted  by  junctions,  adhefions,  or  even  a di- 
vergence of  the  balls,  and  is  proportional  to  the 
drynefs  of  the  air,  and  the  fmallnefs  of  its  dif- 
ference from  that  of  the  preceding  day.  If  this 
ftate  of  drynefs  does  not  obtain,  no  difcernible 
elcCtricity  will  be  perceived  before,  or  even 
for  a l'ttle  while  after,  the  riffng  of  the  fun. 
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As  the  air  is  generally  damp  in  the  night, 
eleCtricity  is  feldom  obferved  before  the  fun 
rifes.  During  three  months  obfervations  P.  Bec- 
caria  found  the  electricity  before  the  fun  rofe 
only  eighteen  mornings ; and  from  the  whole 
of  his  numerous  obfervations  it  appears,  that 
the  appearance  of  electricity  in  winter  before 
fun-rife  is  more  frequent  than  in  the  fummer, 
efpecially  if  the  dampnefs  from  hoar-froft  is 
prevented  from  affeCting  the  apparatus. 

In  the  morning,  as  the  fun  rifes  higher,  the 
eleCtricity,  whether  it  began  before  fun-rife  or 
only  after,  gradually  increafes.  This  gradual 
increafe  of  die  morning  eleCtricity  begins  fooner 
if  the  hygrometer  continues  after  fun- rife  to 
indicate  a greater  degree  of  increafing  drynefs. 
The  intenfity  and  the  rife  of  the  eleCtricity 
(after  it  has  been  annihilated  by  touching  the 
exploring  wire)  lafts  in  ferene  days,  in  which 
no  impetuous  wind  takes  place,  and  the  hy- 
grometer is  ftationary  at  the  higheft  degree  it 
has  attained  that  day,  till  the  fun  draws  near 
the  place  of  its  fetting.  When  the  fun  is  near 
fetting,  and  in  proportion  as  the  hygrometer 
abforbs  the  moifture,  the  intenfity  of  the  daily 
eleCtricity  leffens. 

Though  the  hygrometer  may  indicate  equal 
degrees  of  drynefs  at  twelve  o’clock,  in  differ- 
ent 
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ent  days,  yet  the  eleCtricity  will  appear  fooner 
after  being  deftroyed  on  fome  days  than  on 
others;  and  this  is  in  a great  mealure  propor- 
tioned to  the  increafe  of  heat.  The  electri- 
city moreover  commences  on  fuch  days  later 
in  the  morning,  and  falls  fooner  in  the  even- 
ing. 

The  fridtion  of  winds  againft  the  furface  of 
the  earth  is  not  the  caufe  of  atmofpheric  elec- 
tricity. Impetuous  winds  leflen  the  intenfity 
of  the  eleCtricity  in  clear  weather.  If  they  are 
damp  they  leflen  its  intenfity  in  proportion  to 
the  diminution  they  caufe  in  the  exaCtnefs  of 
the  initiation  both  of  the  wire  and  atmofphere. 


OF  THE  ELECTRICITY  PRODUCED  BY  THE  EVEN- 
ING DEW. 

In  cold  feafons,  if  the  Iky  is  clear,  little  winds 
and  a great  degree  of  increaling  drynefs,  an 
eleCtricity  of  confiderable  intenfity  arifes  after 
fun-fet,  as  foon  as  the  dew  begins.  The/;**’- 
quency  of  fuch  eleCtricity  is  moreover  greater 
than  that  of  the  daily  eleCtricity,  and  it  vanifhes 
flowly. 

In  temperate  or  warm  feafons,  if  the  fame 
circumftances  as  above  take  place,  an  eleCtri- 
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city  intirely  fimilartothe  former  arifes  as  foon 
as  the  fun  has  fet ; only  its  intenfity  is  not  fo 
conftant;  it  begins  with  greater  rapidity,  and 
ends  fooner. 

If,  underthe  above  circumftances  refpeCtive- 
ly,  the  general  drynefs  of  the  air  happens  to 
be  lels,  the  electricity  that  rifes  in  the  even- 
ing, when  the  dew  begins,  is  lefs  in  propor- 
tion to  the  diminutions  of  the  exaCtnefs  of  the 
infulation  of  both  the  exploring  wire  and  the 
atmofphere;  but  correfpondently  to  the  greater 
quantity  of  dew,  the  frequency  of  the  electri- 
city is  greater. 

The  eleCtricity  of  dew  feems  to  depend  on 
the  quantity  of  dew,  and  to  follow  in  its  va- 
rious changes,  proportions  fimilar  to  thofc 
which  take  place  between  the  electricity  of 
calm  mild  rain,  and  that  of  rainy  and  ftormy 
weather,  and  varies  alfo  according  to  the  feafons. 

As  rain,  lhowers,  the  Aurora  Borealis,  and 
the  zodiacal  light,  have  a tendency  to  appear 
for  feveral  fucceffive  days  with  the  fame  cha- 
raCteriftic  accidents,  fo  the  eleCtricity  of  dew 
feems  to  have  as  it  were  an  inclination  to  appear 
for  feveral  evenings  fuccefBvely  whth  the  fame 
characters- 


EXf 


ELECTRICITY. 


265 


experiment  clxxxvii. 

Let  the  air  in  a well-clofed  room  be  electri- 
fied ; that  is  to  fav,  the  moifture  and  other  va- 
pours diffufed  in  it:  then  let  a bottle,  filled  with 
water  colder  than  the  air  in  the  room,  and  in- 
fulated  on  a tube  of  glafs,  be  raifed  pretty 
high  in  this  room.  Care  muft  betaken  topre- 
ferve  the  infulation  of  the  glafs,  with  warm 
cloths.  The  eleCtric  figns  that  will  arife  in  two 
threads  fufpended  to  fuch  bottle  will  exaCtly 
reprefent  the  electricity  of  dew  ; and  they  will 
exhibit  the  different  manner  after  which  this 
electricity  takes  place,  according  as  the  elec- 
trified vapours  in  the  room  are  more  or  lefs 
rare;  as  the  difference  between  the  heat  of  the 
air  in  the  room,  and  that  of  the  water  in  the 
bottle  is  lefs  or  greater,  and  the  infulation  of 
the  bottle  is  more  or  lefs  exaCt. 

In  a thunder-ftorm  Mr.  Ronayne  obferved, 
that  the  flafhes  would  caufe  fudden  changes. 
Sometimes  the  eleClricity  would  be  extended, 
fometimes  diminifhed  ; at  other  times  iucreafed, 
and  fometimes  even  changed  to  the  contrary 
again,  though  none  was  perceived  before  ; it 
would  come  on  fuddenly  with  a flafh  of  light- 
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cning.  A large  thunder-cloud,  when  it  dark- 
ens rhe  hemifphere,  does  not  produce  fo  much 
electricity  as  a branch  of  it,  or  even  as  a com- 
mon fhower ; that  a ftorm  does  not  go  in  a 
regular  current  of  the  wind,  but  obliquely 
and  zig-zag;  viz.  it  rains  in  that  region  from 
whence  the  ftorm  is  to  proceed. 


EXPERIMENTS  AND  OBSERVATIONS  ON  ATMO- 
SPHERICAL ELECTRICITY,  BY  MR.  CAVALLO. 

Thefe  were  principally  made  with  an  cledlri- 
cal  kite,  which  will  collect  elefl  ricity  from  the 
air  at  any  time.  The  power  of  this  inftrument 
refides  in  the  firing.  The  beft  method  of  ma- 
king the  firing  is  by  twilling  two  threads  of 
common  twine  with  one  of  that  copper  thread 
which  is  ufed  for  trimming;  a fchoolboy’s 
kite  with  this  firing  anfwers  the  purpofe  as  well 
as  any  other.  When  a kite  conftruCled  in  this 
manner  was  raifed,  Mr.  Cavallo  fays  he  al- 
ways obferved  the  firing  to  give  figns  of  elec- 
tricity, except  once  ; the  weather  was  warm, 
and  the  wind  fo  weak,  that  the  kite  was  raifed 
with  difficulty,  and  could  hardly  be  kept  up 
for  a few  minutes  : afterwards,  when  the  wind 
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increafcd,  he  obtained  as  ufual  a flrong  pofitive 
electricity. 

If  this  kite  was  railed  at  a time  when  there 
was  any  probability  of  danger  from  the  great 
quantity  of  eledricity,  Mr.  Cavallo  connected 
one  end  of  a chain  with  the  firing,  and  let  the 
other  end  fall  on  the  ground,  and  placed  him- 
felf  alfo  on  an  inflating  ftool.  Except  the 
kite  is  raifed  in  a thunder-ftorm,  there  is  no 
great  danger  that  the  operator  will  receive  a 
fhock.  Although  he  raifed  his  kite  hundreds 
of  times  without  any  precaution  whatever,  he 
feldom  received  even  a few  flight  fhocks  in  the 
aims.  But  it  is  not  advifeable  to  raiie  it  while 
ttormy  clouds  are  overhead.  This  is  alfo  lei's 
necefiary,  as  the  electricity  of  the  atmofphere 
may  then  be  eafily  obferved  by  other  means. 

When  the  kite  was  raifed,  he  often  introduced 
the  firing  through  a window  into  a room  of  the 
houfe,  and  fattened  it  by  a ftrong  filk  lace  to  a 
heavy  chair  in  the  room,  Fig.  78,  A B repre- 
prefents  part  of  the  firing  of  the  kite  which 
comes  within  the  room,  C the  filk  lace,  D E a 
fmall  prime  conduClor,  which,  by  means  of  a 
fmall  wire,  is  connected  with  the  firing  of  the 
kite;  F a quadrant  eleClrometer,  fixed  upon 
an  infulating  fland,  and  placed  near  the  prime 
fonduClor;  G a glafs  tube  about  18  inches  long. 
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gn  a ball  and  wire  of  brafs,  which  are  fixed 
to  the  glafs  tube.  This  fmall  instrument  is  ufe- 
ful  to  determine  the  quality  of  the  electricity 
when  it  is  not  fate  to  come  near  the  firing. 
This  is  effected  by  touching  the  firing  with  the 
wire,  which  takes  a fufficierit^  Quantity  from  it 
to  afeertain  thereby  the  quality  of  the  electri- 
city, either  by  the  attraction  and  repul fion  of 
light  balls,  or  the  appearances  of  the  eleCtric 
light;  or  it  may  be  afeertained  by  a Leyden 
phial,  which  will  retain  a charge  for  a confider- 
able  time  ; and  then  the  kite  need  not  be  kept 
up  any  longer  than  is  neceffary  to  charge  the 
phial,  by  which  the  quality  will  be  fhewn  even 
at  fome  days  diftance. 

If  a charged  phial  is  carefully  kept  from 
any  of  thofe  means  by  which  it  is  known  to  be 
difeharged,  it  will  retain  its  charge  for  a long- 
time. On  this  principle  the  above-mentioned 
phial  is  conftruCted  ; the  bottle  is  coated  in  the 
ufual  manner;  the  uncoated  part  of  the  glafs  is 
covered  with  wax,  or  elfe  well  varnifhed  ; a 
glafs  tube,  which  is  open  at  both  ends,  is  ce- 
mented into  the  neck  of  this  phial,  having  a 
piece  of  tin-foil  connected  with  its  loweft  ex- 
tremity, which  touches  the  infide  non-eleCtric 
coating.  A glafs  handle  is  fixed  to  the  ball  on 
the  wire  which  paffes  into  the  foregoing  glals 
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tube;  the  wire  is  of  a proper  length  to  touch 
the  tin-foil  which  is  at  the  bottom  of  the  tube. 
Charge  this  bottle  in  the  ufual  manner,  and 
then  take  out  the  wire  from  the  glafs  tube  by- 
means  of  the  glafs  handle.  This  may  be  done 
without  difcharging  the  phial  ; and,  as  the  fire 
cannot  now  efcape  eafily,  the  charge  of  a phial 
may  be  preferved  for  many  weeks. 

Fig.  So  reprefents  a very  Ample  inftrument 
(contrived  by  Mr.  Cavallo)  for  making  experi- 
ments on  the  electricity  of  the  atmofphere,  and 
which,  on  ieveral  accounts,  appears  to  be  the 
bcft  for  the  purpofe.  A B is  a common  jointed 
filhing  rod,  without  the  la  ft  or  fmalleft  joint : 
from  the  extremity  of  this  rod  proceeds  a fmall 
glafs  tube  C,  covered  with  fealing-wax,  a cork 
D is  fixed  at  the  end  of  it,  from  which  an  ‘elec- 
trometer with  pith  balls  is  fufpended.  H G L 
is  a piece  of  twine  fattened  to  the  other  extre- 
mity of  the  rod,  and  fupported  at  G by  a 
fmall  firing  F G.  At  the  end  of  the  twine  T 
a pin  is  fattened,  which,  when  pufhed  into  the 
corkD,  renders  the  electrometer  E uninfulated. 
When  the  electricity  of  the  atmofphere  is  ob- 
ferved  with  this  inftrument,  thruft  the  pin  T 
into  the  cork  D,  and  hold  the  rod  by  the  lower 
end  A ; place  it  out  of  a window  at  the  upper 
part  of  the  houle,  railing  the  end  of  the  rod 
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with  the  electrometer,  fo  as  to  make  an  angle 
of  50  or  60  degrees  with  the  horizon.  Keep 
the  inflrument  in  this  fituation  for  a few  fe- 
conds,  then  pull  the  twine  at  H,  and  the  pin 
will  be  difengaged  from  the  cork  D,*  which 
operation  caufes  the  firing  to  drop  in  the  dot- 
ted fituation  K L,  and  leaves  the  electrometer 
infulated,  and  electrified  with  an  eleCtricity 
contrary  to  that  of  the  atmofphere.  This  being 
done,  you  may  draw  the  electrometer  into  the 
room,  and  examine  the  quality  of  the  eleCtri- 
city, without  obftruCtion  either  from  wind  or 
darknefs. 

Fig.  81  is  an  electrometer  for  rain,  con- 
trived by  Mr.  Cavallo.  A B C T is  a firong 
glafs  tube,  about  two  feet  and  a half  long, 
having  a tin  funnel  D E cemented  to  its  ex- 
tremity, which  funnel  defends  part  of  the 
tube  from  the  rain.  The  outfide  furface  of  the 
tube  from  A to  B is  covered  with  fealing-wax, 
and  fo  is  the  part  of  it  which  is  covered  by  the 
funnel.  FD  is  a piece  of  cane  round  which  brafs 
wires  are  twifted  in  different  directions,  fo  as 
to  catch  the  rain  eafily,  and  at  the  fame  time 
to  make  no  refiflance  to  the  wind.  This  piece 
of  cane  is  fixed  into  the  tube,  and  a fmall  wire 
proceeding  from  it  goes  through  the  tube,  and 
communicates  with  the  firong  wire  AG,  which 
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is  thruft  into  a piece  of  cork,  fattened  to  the  end 
A of  the  tube.  The  end  G of  the  wire  A G is 
formed  into  a ring,  from  which  a fenfible  pith 
ball  electrometer  is  to  be  fufpended.  This 
inttrument  is  fattened  to  the  lide  of  a window 
frame,  where  it  is  fupported  by  ttrong  brafs 
hooks  at  C B ; which  part  of  the  tube  is  cover- 
ed  with  a filk  lace,  in  order  to  adapt  it  better 
to  the  hooks.  The  part  F L is  out  of  the  win- 
dow, with  the  end  F elevated  a little  above  the 
horizon.  The  remaining  part  of  the  inftru- 
ment  comes  through  a hole  in  one  of  the  lights 
in  the  fatti,  within  the  room,  and  no  more  of 
it  touches  the  fide  of  the  window  than  the  part 
C B.  When  it  rains,  efpecially  in  patting 
ttiowers,  this  inttrument  is  frequently  electri- 
fied ; and  by  the  divergence  of  the  electrome- 
ter, the  quantity  and  quality  of  the  rain  may 
be  obferved  without  any  danger  of  a miftake. 
With  this  inttrument,  in  rainy  weather,  Mr. 
Cavallo  has  been  able  to  charge  a fmall  coated 
phial  at  the  wire  A G.  It  fhould  be  fixed  in 
fuch  a manner  that  it  may  be  eafily  taken  ott‘ 
from  the  window,  and  replaced  again,  as  oc- 
cafion  requires;  arirwill  be  neceflary  to  clean 
it  often,  particularly  when  a lhovver  of  rain  is 
approaching. 
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DESCRIPTION  of  a small  portable  atmo- 
spherical electrometer,  invented  by 

MR.  CAVALLO. 

The  principal  part  of  this  inftrument  is  a glals 
tube  C D M N,  cemented  at  the  bottom  into 
the  brafs  piece  A B,  by  which  part  the  inftru- 
ment  is  to  be  held  when  ufed  for  the  atmo- 
fphere;  and  it  alfo  ferves  to  fcrew  the  inftru- 
ment  into  its  brafs  cafe  ABO,  fig.  76.  The 
upper  part  of  the  tube  C D M N is  fhaped  ta- 
pering to  a fmall  extremity,  which  is  intirely 
covered  with  fealing-wax;  into  this  tapering 
part  a fmall  tube  is  cemented;  the  lower  ex- 
tremity, being  alfo  covered  with  fealing-wax, 
projects  a fmall  way  within  the  tube  C D M N ; 
into  this  fmaller  tube  wire  is  cemented,  which, 
with  its  under  extremity,  touches  the  fiat  piece 
of  ivory  H,  faftened  to  the  tube  by  means  of  a 
cork ; the  upper  extremity  of  the  wire  projects 
about  a quarter  of  an  inch  above  the  tube,  and 
fcrews  into  the  brafs  cap  E F,  which  cap  is 
open  at  the  bottom,  and  ferves  to  defend  the 
waxed  part  of  the  inftrument  from  the  rain, 
8tc. 

I M and  K N are  two  narrow  flips  of  tin- 
foil,  fiuck  to  the  infide  of  the  glafs  C D M N, 
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and  communicating  with  the  brafs  bottom  A B. 
They  lerve  to  convey  that  ele&rieity  which, 
when  the  balls  touch  the  glafs,  is  communi- 
cated to  it,  and,  being  accumulated,  might 
difturb  the  free  motion  of  the  balls. 

To  ufe  this  inftrument  for  artificial  electri- 
city, eleCtrify  the  brafs  cap  by  an  electrified 
fubftance,  and  the  divergence  or  convergence 
of  the  balls  of  the  electrometer,  at  the  approach 
of  an  excited  eleCtric,  will  ftiew  the  quality 
of  the  eleCtricity.  The  belt  manner  to  eleCtrify 
this  inftrument  is  to  bring  excited  wax  fo  near 
the  cap  that  one  or  both  of  the  corks  may 
touch  the  fide  of  the  bottle  CDMN,  after 
which  they  will  foon  collapfe  and  appear  un- 
eleClrified.  If  now  the  wax  is  removed,  they 
will  again  diverge,  and  remain  eleCtrified  po- 
fitively. 

When  this  electrometer  is  to  be  ufed  to  try 
the  eleCtricity  of  the  fogs,  air,  clouds,  &:c. 
the  obferver  is  to  do  nothing  more  than  to  un- 
fcrew  it  from  its  cafe,  and  hold  it  by  the  bot- 
tom A B to  prefent  it  to  the  air  a little  above 
his  head,  fo  that  he  may  conveniently  fee  the 
balls  P,  which  will  immediately  diverge  if 
there  is  any  eleCtricity;  i.  e.  whether  pofitive 
Or  negative  may  be  afcertained,  by  bringing  an 
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excited  piece  of  fealing-wax  or  other  eleCtric 
towards  the  brafs  cap  E F. 

General  laws  deduced  from  the  experi- 
ments performed  with  the  electrical 

Kites. 

1.  The  air  appears  to  be  electrified  at  all 
times.  Its  electricity  is  conftantly  pofitive,  and 
much  ftrongerin  fro  It  y than  in  warm  weather; 
but  it  is  by  no  means  lefs  in  the  night  than  in 
the  day  time. 

2.  The  prefence  of  the  clouds  generally 
leflens  the  eleCtricity  of  the  kite : fometimes 
it  has  no  effeCt  upon  it,  and  it  very  feldom  in-, 
creafes  it. 

3.  When  it  rains  the  electricity  of  the  kite 
is  generally  negative,  and  feldom  pofitive. 

4.  The  Aurora  Borealis  feems  not  to  affeCt 
the  eleCtricity  of  the  kite. 

5.  The  eleCtrical  fpaik  taken  from  the 
Bring  of  the  kite,  or  from  any  infulated  con- 
ductor connected  with  it,  efpecially  when  it 
does  not  rain,  is  feldom  longer  than  a quarter 
of  an  inch,  but  it  is  exceedingly  pungent. 
When  the  index  of  the  electrometer  is  not 
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higher  than  20°,  the  perfon  who  takes  the 
fpark  will  feel  the  efFe&s  of  it  in  his  legs ; it  ap- 
pears more  like  the  difcharge  of  an  eleClric  jar, 
than  the  fpark  taken  from  the  prime  conductor 
of  an  electrical  machine. 

6.  The  eleCtricity  of  the  kite  is  in  general 
flronger  or  weaker,  according  as  the  firing  is 
longer  or  fhorter;  but  it  does  not  keep  any  ex- 
aCt  proportion  to  it.  For  inftance  ; the  elec- 
tricity brought  down  by  a firing  of  a hundred 
yards  may  raile  the  index  of  the  electrometer 
to  20°,  when  with  double  that  length  of  firing 
the  index  of  the  electrometer  will  not  go 
higher  than  250. 

7.  When  the  weather  is  damp,  and  the  elec- 
tricity is  pretty  flrong,  the  index  of  the  elec- 
trometer, after  taking  a fpark  from  the  firing, 
or  prefen  ting  the  knob  of  a coated  phial  to  it, 
ri-fes  furprizingly  quick  to  its  ufual  place,  but 
in  dry  or  warm  weather  it  rifes  exceedingly 
flow. 

It  appears,  from  the  obfervations  which  have 
been  made  on  the  eleClricity  of  the  atmofphere, 
that  nature  makes  great  ufe  of  this  fluid  in  pro- 
moting vegetation. 

1.  In  the  fpring,  when  plants  begin  to  grow, 

then  temporary  eleClrical  clouds  begin  to  ap- 
pear, and  pour  forth  eleCtric  rain.  The  elec- 
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tricity  of  the  clouds  and  of  the  rain  continues 
to  increafe  till  that  part  of  the  autumn  in  which 
the  laft  fruits  are  gathered. 

2.  It  is  this  fluid  which  fupplies  common 
fire  with  that  moifture  by  the  help  of  which  it 
actuates  and  animates  vegetation:  it  is  the 
agent  that  collects  the  vapours,  forms  the 
clouds,  and  is  then  employed  to  diforder  and 
diflipate  them  in  rain. 

3.  From  the  fame  principle  may  be  ex- 
plained the  proverb,  that  No  watering  gives  the 
country  fo  fmiling  a look  as  rain . The  clouds  of 
rain,  by  extending  their  eledtric  atmofphere  to 
the  plants,  difpofe  the  pores  of  the  latter  to  re- 
ceive with  greater  facility  the  water  which  is 
impregnated  with  this  penetrating  and  dilating 
fluid.  Befides,  it  is  natural  to  fuppofe,  that 
the  pofitive  eledtricity  which  continually  pre- 
vails in  ferene  weather,  will  contribute  to  pro- 
mote vegetation,  fince  this  has  been  found  to 
be  the  effedt  of  even  artificial  eledtricity. 
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OF  THE  IMPERFECTIONS  OF  METEOROLOGY, 
SO  LONG  AS  BAROMETRICAL,  THERMOME- 
TRICAL,  AND  HYCROMETR  I CAL  OBSERVA- 
TIONS ARE  NOT  ACCOMPAN  IED  WITH  THE 
REGULAR  OBSERVATION  OF  THE  ELECTRI- 
CITY OF  THE  ATMOSPHERE,  OF  THE  ELECTRI- 
CITY OF  RAIN,  SNOW,  MISTS,  AND  AQUE- 
OUS METEORS  IN  GENERAL.  BY  MR. 
ACHARD, 

As  it  is  now  clearly  afcertained,  that  elec- 
tricity is  a caufe  of  various  meteorological 
phenomena,  it  is  rather  furprizing  that  philo- 
sophers have  not  perceived  the  abfolute  necef- 
fity  of  joining  an  inftrument  by  which  observa- 
tions may  be  made  on  the  electricity  of  the  at- 
mofphere,  to  thofe  which  indicate  its  weight, 
heat,  and  humidity. 

Without  confidering  in  this  place  the  differ- 
ent proofs  of  the  influence  of  electricity  on  me- 
teors, it  will  be  Sufficient  to  remark,  that  we 
cannot  attain  to  an  adequate  knowledge  of  any 
phenomena,  occafioned  by  the  concurrence  of 
various  caufes,  without  being  acquainted  with 
them  all ; for  if  any  one  is  negleCted,  it  will  be 
ablolutely  impoffible  thoroughly  to  explain  the 
phenomena.  II  electricity  is  not  the  foie  caufe 
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of  feveral  meteorological  appearances,  it  is  un- 
doubtedly concerned  more  or  lefs  in  their  for- 
mation ; fo  that  by  neglecting  to  obferve  it,  as 
well  as  the  barometer,  &c.  we  lofe  the  fruits 
of  other,  even  very  exaCt,  meteorological  ob- 
fervations. 

The  influence  of  eleCtricity  on  vegetation  is 
proved  by  a fet  of  obfervations  made  by  differ- 
ent philofophers;  but  it  evidently  appears  that 
the  botanic  meteorological  obfervations  alone 
will  never  be  fo  ufeful  as  might  be  expeCted, 
till  we  unite  thofe  made  by  an  inftrument  which 
will  indicate  the  eleCtric  date  of  the  atmofphere, 
to  thofe  made  with  other  inftruments.  It  is 
owing  to  this  caufe,  perhaps,  that  it  is  impof- 
fible  to  draw  any  conclufion  from  the  botanical 
meteorological  obfervations  of  Meffrs.  Gautier 
and  Duhamel,  which  were  continued  from 
1751  to  1769. 

Mr.  Achard  has  had  an  opportunity  of  mak- 
ing a few  obfervations,  but  they  were  fufficient 
to  convince  him  of  the  intimate  connection 
that  fubfifls  between  the  formation  of  the  molt 
part  of  meteors,  and  atmofpherical  electricity. 

To  difcover  if  the  atmofphere  was  eleCtrical, 
he  made  ufe  of  a pair  of  light  pith  balls  which 
were  attached  to  a refinous  rod.  This  elec- 
trometer, from  its  fimplicity,  is  almoft  prefer- 
able 
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able  to  any  other  for  merely  difcovering  that 
electricity  exifts  in  the  atmofphere. 

During  the  month  of  July,  1778,  Mr. 
Achard  obferved  daily  the  electricity  of  the 
atmofphere  in  the  morning,  at  noon,  and  in  the 
evening,  with  a pair  of  fmall  pith  balls,  which 
were  placed  above  the  roof  of  the  houfe,  above 
40  feet  high,  and  fufficiently  diftant  from 
buildings,  trees,  &c.  During  the  whole  time 
there  was  only  10  days  which  gave  no  iigns  of 
eleCtricity;  17  days,  including  the  foregoing 
10,  in  which  he  could  oblerve  no  electricity  in 
the  morning,  though  it  became  very  fenfible  at 
noon,  and  was  very  much  increafed  towards  the 
fetting  of  the  fun.  Every  other  day  he  found 
the  air  eleCtrical  during  the  whole  day,  but 
always  ftrongeft  a little  before  fun-fet,  a fhort 
time  after  which  it  began  again  io  diminifh. 

If  in  ferene  weather  the  fky  became  fuddenly 
cloudy,  the  electrometer  indicated  continual 
changes  in  the  electricity  of  the  atmofphere  ; 
lometimes  increafing,  then  difappearing,  then 
re-appearing  ; in  which  cafe  it  had  generally 
changed  from  pofitive  to  negative,  or  viceverfa . 
In  windy  weather  he  found  it  difficult  to  ob- 
ferve  with  the  electrometer,  on  account  of  the 
continual  motion  of  the  balls.  It  feemed  to 
vary  confiderably  when  the  air  was  heavy,  but 
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not  windy.  When  the  weather  was  very  calm, 
and  the  Iky  without  clouds,  the  electrometer 
did  not  alter  in  the  leaft,  except  towards  fun-fet, 
when  it  increafed  in  a fmall  degree. 

It  is  remarkable,  that  in  thofe  days  in  which 
he  oblerved  no  electricity  in  the  air,  there  was 
no  dew  at  night  j while  on  the  other  nights,  it 
fell  in  greater  or  lefs  quantities.  He  does  not 
think  thofe  obfervations  are  fufficient  to  deter- 
mine that  the  dew  is  occafioned  by  electricity, 
but  it  may,  he  thinks,  be  fairly  inferred,  that 
the  elevation  and  fall  of  the  dew  is  obftructed 
or  promoted  by  the  electricity  of  the  air.  It 
is  eafy  to  point  out  in  what  manner  electricity 
may  produce  the  effect.  Let  us  fuppofe  the 
air  to  be  either  pofitively  or  negatively  electri- 
fied, but  the  furface  of  the  globe  where  we  are 
not  to  be  fo  the  aqueous  and  volatile  parts 
of  the  vegetables  exhaled  by  the  rays  of  the 
fun,  and  fufpended  in  the  air,  will  become 
electric  by  communication.  The  air  cooling 
by  the  abfence  of  the  folar  heat,  will  not,  after 
the  fetting  of  the  fun,  retain  the  aqueous  particles 
with  the  fame  force ; and  thefe  being  attracted 
by  the  non-electric  bodies  which  are  on  the 
furface  of  the  earth,  their  fuperficies  will  be 
covered  with  dew.  Again,  let  us  fuppofe  that 
the  furface  of  the  earth  is  electrical,  but  that 
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the  air  is  not  electrical,  and  the  effect  will  be 
fimilar  to  the  preceding  cafe.  If  the  air  and  the 
earth  are  both  electrified,  but  with  contraiy 
powers,  the  attraction  will  be  ftronger  and  the 
dew  more  abundant,  but  no  dew  will  fall  if  they 
are  both  poffeffed  of  the  fame  power,  and  in  the 
fame  degree.  It  is  known  that  the  dew  does 
not  fall  with  the  fame  facility  upon  all  bodies, 
and  that  electric  bodies  are  thofe  on  which  it 
falls  with  the  greateft  abundance.  This  fact 
admits  of  an  eafy  explanation,  if  we  fuppofe 
eletricity  to  be  the  caufe  of  the  dew ; for  the 
eletric  bodies  do  not  readily  receive  eletricity 
from  the  medium  which  furrounds  them  ; there 
is,  therefore,  always  a greater  difference  between 
the  eletricity  of  the  air  and  that  of  the  eletrics 
which  are  placed  in  it,  than  between  the  elec- 
tricity of  the  air  and  the  conducting  bodies 
which  it  envelopes.  Now  it  is  in  the  ratio  of 
this  difference  that  the  power  of  electric  at- 
traction acts,  and  confequently  thefe  bodies 
ought  to  be  covered  more  abundantly  with 
dew. 

As  electricity  is  often,  if  not  always,  the 
caufe  of  dew,  no  one  will  doubt  the  necelfity 
of  attending  to  it  in  the  botanical  meteorology, 
as  every  one  is  acquainted  with  the  influence  of 
dew  on  the  growth  of  vegetables. 
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In  the  Phil.  Tr&nf.  for  1773,  are  obfervations 
on  the  electricity  of  fogs,  which  prove  that  they 
are  generally  electrical.  Mr.  Achard  has  made 
feveral  obfervations,  the  refults  of  which  corre- 
fpond  entirely  with  thofe,  for  he  conftantly  found 
that  the  air  was  more  or  lefs  electrified  by  a 
fog.  Twice  he  obferved,  that  in  the  fpace  of 
a few  minutes  the  fog  ceafed  altogether,  and 
fell  in  form  of  a fine  rain ; and  though  it  was 
very  thick,  difappeared  in  about  feven  minutes. 
It  is  alfo  very  probable  that  rain  is  occafioned 
by  eleCtricity ; and  of  this  we  fhall  be  convinced, 
if  we  confider  the  attractions  and  repulfions  that 
the  terreflrial  or  atmofpheric  electricity  muft 
occafion,  as  well  between  the  furface  of  the  globe 
and  the  vapours  contained  in  the  air,  as  between 
the  particles  of  vapour  which  always  neceffari- 
ly  tend  to  difperfe  or  unite  the  aqueous  particles 
which  fwim  in  the  atmofphere,  and  to  bring 
them  nearer,  or  carry  them  farther  from,  the 
earth. 

Having  proved  the  neceffity  of  combining 
obfervations  on  the  eleCtricity  of  the  atmofphere 
with  other  meteorological  obfervations,  Mr. 
Achard  proceeds  to  defcribe  the  properties  re- 
quifite  in  a good  atmofpherical  electrometer, 
the  want  of  which  accounts  for  die  negleCt  and 
fupinenefs  of  philofophers  on  this  fubjeCt. 
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NECESSARY  REQUISITES  IN  AN  ATMOSPHERICAL 

ELECTROMETER. 

1.  It  fhould  be  eafy  in  its  life. 

2.  It  fhould  not  only  indicate  that  the  air  is 
elettrical,  but  in  what  degree. 

3.  It  is  neceflary  that  we  may  learn  whether 
it  is  pofitive  or  negative. 

4.  That  the  obferver  fhould  be  in  no  danger 
in  ftormy  weather. 

5.  That  it  be  portable. 

The  number  of  difficulties  which  oppofe  the 
conitruftion  of  an  inftrument  which  will  unite 
all  thefe  advantages  are  very  confiderable. 
The  greateft  is  to  infulate  the  metal  which  re- 
ceives the  ele&ricity  from  the  air,  fo  that  rain 
may  not  eftablifh  a communication  between  it 
and  the  earth,  and  that  the  infulation  is  fuffi- 
ciently  perfefr  to  prevent  too  quick  a diffipation 
of  the  ele£tricity  received  by  the  metal.  Mr. 
A chard  does  not  pretend  that  he  has  furmounted 
all  thefe  difficulties,  but  after  feveral  trials  lie 
has  contrived  an  inftrument  fufficiently  port- 
able, eafy  to  obferve  with,  and  that  without 
danger. 
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DESCRIPTION  OF  THE  PORTABLE  ATMOSPHERI- 
CAL ELECTROMETER,  CONTRIVED  FOR  THE 

PURPOSES  ALREADY  MENTIONED. 

This  inftrument  is  compofed  of  a hollow  and 
truncated  cone  of  tin,  whofe  upper  end  is  open, 
and  which  is  clofed  at  bottom  by  a plate  of  the 
fame  metal.  This  plate  is  covered,  in  the  in- 
fide  of  the  cone,  with  a layer  of  rofin  two 
inches  thick  : to  the  lower  furface  of  this  layer 
of  rofin  a tube  of  tin  is  cemented,  which, 
when  it  is  placed  on  a wooden  pedeftal,  fup- 
ports  the  cone  in  fuch  a manner,  that  the  great 
bafe  is  horizontal,  and  turned  downwards ; the 
rofin  inful ates  the  cone  perfectly,  and,  when 
the  latter  becomes  eledtric,  prevents  the  lofs  of 
its  eledtricity  by  tranfmifiion.  The  cone  mull: 
be  high  enough,  and  its  inferior  bafe  mull  ex- 
ceed far  enough,  in  diameter,  its  fuperior  ex- 
tremity, to  prevent  the  rain,  even  though  it 
fhould  fall  in  an  oblique  direction,  from  wetting, 
either  in  its  fall,  or  by  rebounding  from  the 
pedeftal,  the  lower  furface  of  the  rofin-layer, 
with  which  the  bottom  of  the  truncated  cone  is 
internally  covered  : otherwife  the  cone  would 
ceafe  to  be  infulated,  and  the  electrometer 
would  be  changed  into  a conductor.  On  the 

truncated 


electricity.  285 

truncated  part  of  the  cone  Mr.  Achard  fattens 
a fquare  iron  branch,  on  which  lie  places  a 
thermometer  and  two  electrometers ; the  one 
very  light,  and  thus  capable  of  being  fet  in  mo- 
tion by  fmall  degrees  of  eleCtricity ; the  other 
heavier,  and  which,  confequently,  only  rifes 
when  the  eleCtricity  becomes  too  ftrong  to  be 
meafured  by  the  light  electrometer.  Befides 
thefe  two  electrometers,  Mr.  Achard  tied  to  the 
iron  bar  a thread,  which  indicates,  by  its  riling, 
the  fmallett  degrees  of  electricity : the  whole 
is  inclofed  in  a receiver  of  glafs,  open  above 
and  below  ; the  bafe  of  this  receiver  is  alfo 
infulated  with  rofin,  that  it  may  not  derive  any 
eleCtricity  from  the  tin  cone ; the  remaining 
ipace  of  the  upper  part  of  the  receiver,  between 
the  bar  of  metal,  which  pattes  through  it,  and 
the  glafs,  is  likewife  filled  with  rofin,  to  pre- 
vent the  communication  of  eleCtricity  to  the  re- 
ceiver; to  preferve  this  rofin  from  rain,  which, 
by  moiftening  it,  would  form  a communica- 
tion between  the  receiver  and  the  bar,  it  is 
coveied  over  with  a glafs  funnel,  through  which 
the  bar  pattes,  and  which  hinders  the  rain  from 
falling  on  the  rofin.  This  receiver  is  alfo  in- 
difpenfably  necettary  to  prevent  the  aCtion  of 
the  wind  upon  the  electrometers,  which  would 
render  the  accurate  obfervation  of  them  impof- 
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fible.  At  the  end  of  the  metal  bar,  which  paffes 
through  the  receiver,  hollow  tin  pipes  may  be 
placed,  of  a final!  diameter,  to  render  them  as 
light  as  polfible,  and  they  may  be  raifed  to  the 
height  of  io,  20,  or  30  feet.  The  upper  end 
of  the  pipe  terminates  in  an  iron  point,  extreme- 
ly fharp  and  well  gilt ; the  gilding  is  neceffary 
to  hinder  the  point,  which  mud  be  always  even 
and  fmooth,  from  contracting  ruft.  With  re- 
fpeCt  to  the  elevation  that  it  may  be  proper  to 
give  to  the  tin-pipe,  this  muft  vary  with  the 
height  of  the  buildings  or  trees  in  the  differ- 
ent places  where  obfervations  are  made ; for  the 
height  of  the  pipe  muft  always  exceed,  at  leaft 
by  fix  feet,  the  elevation  of  all  the  bodies  that 
are  near  it.  Mr.  Achard  joins  a thermome- 
ter to  this  machine,  which  may  be  obferved  at 
the  fame  time,  and  be  the  means,  perhaps,  of 
difcovering  the  relations,  if  any  there  be,  be- 
tween eleCtricity  and  the  temperature  of  the 
air.  A barometer  and  hygrometer  may,  with 
facility,  be  added  to  this  inftrument  for  the 
fame  purpofe. 

In  order  to  know  whether  the  electricity  of 
the  air  be  pofitive  or  negative,  Mr.  Achard 
fufpends  a ball  of  cork,  by  a linen  thread,  on 
the  wire  which  communicates  with  the  iron 
bar,  and  which  paffes  through  the  rofin,  with 
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which  the  bafe  of  the  truncated  cone  is  covered. 
The  wire  mud  be  of  fuch  a length,  that  bodies 
pofitively  or  negatively  eledrical  may  be  com- 
modioufly  brought  near  the  cork-ball,  which 
is  fufpended  on  it;  and  it  is  according  as  thefe 
bodies  attract  or  repel  the  ball,  that  the  obfer- 
ver  learns  whether  the  eledricity  which  the  in- 
drument  has  received  from  the  air,  be  pofitive 
or  negative. 

That  the  obferver  may  be  in  no  danger  from 
fudden  accumulations  of  eledricity,  which  fome- 
times  happen,  Mr.  Achard  fadens  to  the  bafe  of 
the  pededal  an  iron  bar,  which  not  only  com- 
municates with,  but  even  enters  into,  the  ground, 
feveral  feet  deep.  This  bar,  whofe  upper 
part  terminates  in  a round  knob  or  ball,  mud 
be  only  at  the  didance  of  an  inch  from  the 
cone.  When  the  eledrical  fluid  is  fo  accumu- 
lated that  the  indrument  can  no  longer  contain 
it,  it  will  difeharge  itfelf  againfl  this  metal  bar, 
which  will  condud  it  under  ground.  The  fame 
thing  would  happen,  if  the  lightning  fell  upon 
the  indrument,  and  the  obferver  would  be  in 
no  fort  of  danger,  even  at  the  didance  of  a few 
feet.  When  the  indrument  is  placed  in  a gar- 
den, this  method  of  forming  a communication 
with  the  ground  is  fubjed  to  no  inconveniency ; 
but  it  it  ihould  be  judged  proper  to  employ 
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the  inftrument  in  a houfe,  (which  may  be  done 
by  making  the  tin  pipe  pafs  through  a hole  in 
the  roof,  and  placing  the  inftrument  in  a gar- 
ret) the  manner  above-mentioned  of  forming 
its  communication  with  the  earth  would  not  be 
fo  eafily  executed:  in  this  cafe,  the  communi- 
cation muft  be  effected  by  means  of  a bar  of 
metal  defcending  from  the  garret  to  a depth  of 
fome  feet  under  ground  ; and  for  greater  fecu- 
rity  againft  the  too  great  proximity  of  a thun- 
der-ftorm,  it  would  be  proper  to  place  the  me- 
tallic bar  in  contact  with  the  cone  of  tin  : thus 
the  inftrument  would  become  a real  conductor, 
which,  inftead  of  expofing  the  houfe  to  danger, 
would,  on  the  contrary,  preferve  it  from  all  the 
accidents  that  are  occafioned  by  lightning. 

When  the  inftrument  is  placed  in  a garret, 
or  on  the  platform  of  a houfe,  no  inconvenience 
is  to  be  apprehended  from  afcending  dews ; 
but  when  it  is  placed  in  a garden,  the  dew  ad- 
heres to  the  roftn  which  covers  the  truncated 
bafe  of  the  cone,  and  forming  thus  a commu- 
nication between  the  cone  and  the  earth,  makes 
the  inftrument  tofe  the  electricity  with  which  it 
may  have  been  charged.  To  prevent  this  acci- 
dent, it  is  neceflary  to  pave  the  ground  on  which 
the  inftrument  is  placed,  and  that  in  fuch  a 
manner,  that  the  pavement  may  extend  itfelf 


on 


electricity.  239 

on  all  fides,  at  lead  two  or  three  feet  bej^ond  the 
circumference  of  the  lower  bafe  of  the  cone  : 
the  rifing  of  the  dew,  which  by  adhering  to 
the  rofin  might  damage  the  indrument,  will 
be  thus  effectually  prevented. 

When  the  air  is  electrical,  it  mud  neceflarily 
communicate  its  electricity  to  the  vapours 
which  it  contains.  This  is  evident  from  the 
formation  of  lightning,  which  is  not  produced 
by  the  difcharge  of  the  electrical  matter  of  the 
air,  but  by  that  of  the  vapours  which  float  in 
the  atmofphere*  Hence  it  follows,  that  rain* 
fnow,  hail,  mid,  and  dew,  mud  be  very  often 
eleCtric.  As  it  appears  to  Mr.  Achard  a matter 
of  great  conference  to  know  and  obferve  ex- 
actly the  eleCtricity  of  thofe  meteors,  he  has 
condruCted  a machine  that  is  adapted  to  difco- 
ver  both  its  nature  and  degree.  This  machine 
is  compofed  of  a truncated  tin  cone*  clofed 
at  the  top,  open  at  bottom,  and  infulated  up- 
on a pededal,  like  that  of  the  machine  employ- 
ed to  meafure  the  eleCtricity  of  the  air.  In  the 
center  of  the  upper  truncated  part  of  the  cone* 
Mr.  Achard  fixes  an  iron  bar  terminated  by  a 
ball  ; he  covers  the  whole  with  an  infulated 
glafs  receiver,  high  enough  to  have  its  fummit 
at  the  didance  of  three  inches  from  the  ball 
which  terminates  the  iron  bar,  to  which  he 
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fattens  a very  sensible  electrometer,  and  alfo  a 
linen  thread  to  difcover  the  fmalleft  degrees  of 
electricity.  As  this  inflrument  is  but  little 
elevated,  and  has  no  pointed  extremity,  it  is 
not  eaiily  charged  with  the  eleCtricity  of  the 
air,  which  at  fuch  a degree  of  proximity  to  the 
earth  is  always  imperceptible ; but  rain,  fnow, 
hail,  milt,  and  dew,  if  they  are  eleCtrical,  will 
render  it  alfo  eleCtrical  by  falling  upon  the 
cone  ; the  degree  of  electricity  is  afcertained  by 
the  electrometer,  which  is  under  the  receiver; 
and  in  order  to  know  whether  it  be  pofitive  or 
negative,  the  obferver  has  only  to  employ  the 
method  indicated  above,  in  our  account  of  the 
inflrument  ufed  to  meafure  the  eleCtricity  of  the 
air.  Befides  the  ufe  of  this  inflrument  in  dis- 
covering the  eleCtricity  of  aqueous  meteors,  it 
may  flill  ferve  farther  purpofes  : it  may  be 
highly  ufeful  to  compare  it  with  the  atmofphe- 
rical  electrometer,  in  order  to  difcern  the  true 
principle  of  the  eleCtricity  with  which  it  is 
charged,  and  to  fee  whether  it  proceeds  imme- 
diately from  the  air,  or  from  the  heterogeneous 
bodies  that  are  fufpended  in  the  atmofphere  ; 
for  the  atmofpherical  electrometer  may  alfo  be- 
' come  eleCtrical  by  rain,  fnow,  hail,  or  mill ; 
and  the  comparing  thefe  two  inftruments  is  the 
only  method  that  occurs  to  Mr.  Achard  by 

which 
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which  we  can  know,  whether  it  receives  its  elec- 
tricity direCtly  from  the  air,  or  by  the  interven- 
tionofbodies  (indued  withacoNDUCTiNG  power) 
which  are  difFufed  in  it.  If,  during  rain,  hail, 
fnow,  or  miftj  the  atmofpherical  electrometer  is 
electrical,  while  that  which  indicates  the 
electricity  of  aqueous  meteors  is  not  so,  we  may 
conclude,  with  certainty,  that  the  eleCtricity  of 
the  former  proceeds  only  from  the  air;  if,  on 
the  contrary,  they  are  both  eleCtrical,  it  muft 
then  be  inquired,  whether  they  be  fo  in  the 
fame  degree;  if  this  be  the  cafe,  it  is  only  to 
the  rain  or  fnow,  &c.  that  the  eleCtricity  muft 
be  attributed.  I need  not  obferve  (concludes 
Mr.  Achard)  that  when  there  is  neither  rain, 
fnow,  hail,  or  mift,  the  atmofpherical  electro- 
meter will  always  indicate  the  eleCtricity  of 
the  air* 
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CHAP  XIII. 


ON  THE  DIFFUSION  AND  SUBDIVISIONS  OF 
FLUIDS  BY  ELECTRICITY. 

WE  are  chiefly  indebted  to  the  Abbe  Nol- 
let  for  what  is  known  on  the  fubjeCt 
of  this  chapter,  which  was  inveftigated  by  him 
with  incredible  induftry  and  patience.  I have 
only  lubjoined  the  principal  refult  of  his  ex- 
periments, and  mufl  refer  the  reader,  for  a 
more  ample  account,  to  the  Abbe’s  own  writ- 
ings, or  Dr.  Prieftley’s  Hiftory  of  Electricity. 

EleCtricity  augments  the  natural  evaporation 
of  fluids ; fince-,  excepting  mercury  and  oil, 
all  the  others  which  were  tried  fuffered  a dimi- 
nution that  could  not  be  aferibed  to  any  other 
caufe  than  electricity. 

It  increafes  the  evaporation  of  thofe  fluids 
moft  which  naturally  tend  to  evaporate  rea- 
dily. Volatile  fpirits  of  fal-ammoniac  loft  more 
than  fpirits  of  wine,  this  more  than  water, 
&c. 


Elec- 
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Electricity  adts  drongeft  upon  the  fluids  when 
the  vcflels  which  contain  them  are  non-eledtrics. 
The  evaporation  was  greateft  in  the  mod  open 
veffels,  but  did  not  increafe  in  proportion  to 
their  apertures.  It  does  not  make  any  liquor 
evaporate  through  the  pores  either  of  metal  or 
glafs. 

To  extend  thefe  principles  further,  the  Abbe 
made  a great  variety  of  experiments  on  elec- 
trified capillary  tubes,  and  found,  that  the 
dream  would  be  fub-divided,  but  it  is  not  fen- 
fibly  accelerated,  if  the  tube  is  not  lefs  than 
one  tenth  of  an  inch  diameter  in  the  infide. 

Under  this  diameter,  if  the  tube  is  wide 
enough  to  let  the  fluid  run  in  a dream,  eledtri- 
city  will  accelerate  its  motion  in  a lmall  de- 
gree. 

If  the  tube  is  fo  far  capillary  that  the  water 
only  iflues  from  it  in  drops,  the  eledtrified  jet 
becomes  a continued  dream  ; it  will  even  be 
divided  into  feveral  fmaller  ones,  and  its  mo- 
tion is  confiderably  accelerated ; the  fmaller 
the  diameter  of  the  tube,  the  greater  is  the  ac- 
celeration. When  the  furface  is  wider  than  one 
tenth  of  an  inch,  electricity  feems  rather  to  re- 
tard the  motion  of  the  fluid. 

From  fome  very  accurate  experiments  made 
by  Mr.  de  Sauflure  with  his  new  hygrometer ; 
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it  appears,  that  the  foregoing  theory,  which  af- 
ferts  that  electricity  always  promotes  evapora^ 
tion,  is  only  true  under  certain  reftriCtions.  It 
increafes  the  evaporation  from  thofe  bodies 
which  are  fuperfaturated,  but  does  not  occa- 
fion  any  evaporation  in  thofe  which  do  not  con-* 
tain  a fuperabounding  quantity  of  water. 


EXPERIMENT  CLXXXVIII. 

Fig.  77  reprefents  a metal  phial,  to  which 
a capillary  tube  is  adapted,  which  will  only 
permit  water  to  pafs  through  it  in  interrupted 
drops.  Fill  the  pail  with  water,  and  fufpend 
it  from  the  prime  conductor,  then  turn  the  cy- 
linder, and  the  water  will  pafs  through  the 
tube  in  a continued  ftream  ; this  will  feparate 
into  other  ftreams,  that  will  appear  luminous 
in  the  dark. 


EXPERIMENT  CLXXXIX. 

Sufpend  one  pail  from  a pofitive  conductor, 
and  another  from  a negative  one,fo  that  the  end 
of  the  tubes  may  be  about  three  or  four  inches 
from  each  other,  and  the  ftream  proceeding 

from 
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from  one  will  be  attracted  by  that  which  iflues 
from  the  other,  and  form  one  ftream,  which 
will  be  luminous  in  the  dark. 

If  the  pails  are  fufpended  on  two  pofitive,  or 
two  negative  conductors,  the  ftreams  will  re- 
cede from  each  other. 

EXPERIMENT  CXC. 

Place  a metal  baton  on  an  infulating  ftand, 
and  conned  it  with  the  prime  conductor;  then 
pour  a fmall  ftream  of  water  into  the  baton, 
which  in  the  dark  will  have  a beautiful  appear- 
ance, as  the  ftream  will  be  divided  into  a great 
number  of  lucid  drops. 

EXPERIMENT  CXCI. 

Dip  a fponge  in  water,  and  then  fufpend  it 
from  the  conductor:  the  water,  which  before 
only  dropped  from,  it,  will  now  fall  faft,  and 
appear  in  the  dark  like  fiery  rain. 

EXPERIMENT  CXCII. 

Hold  a pail,  which  is  furnifhed  with  feveral 
capillary  tubes  placed  in  various  directions, 

‘ U 4 
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near  an  electrified  conductor,  and  the  water 
will  dream  out  of  thofe  jets  near  the  conductor, 
while  it  will  only  drop  at  intervals  from  thofe 
which  are  oppofite  to  it. 

experiment  cxciii. 

The  knob  of  a charged  jar  will  attraCt  a drop 
of  water  from  a faucer,  &c.  This  drop,  the 
moment  the  bottle  is  removed  from  the  faucer, 
affumes  a conical  diape,  and  if  it  is  brought 
near  any  conducting  fubftance,  it  is  driven  for- 
cibly away  in  fmall  dreams,  which  are  lumi- 
nous in  the  dark. 

It  appears  by  this  experiment,  that  the  elec- 
tric fire  not  only  tends  to  feparate  the  particles 
of  water  and  to  diffipate  them  into  vapour  as 
common  fire,  but  that  it  effects  this  with  un- 
common rapidity. 


EXPERIMENT  CXCIV. 

Difcharge  a battery  through  a drop  of  water, 
previoudy  placed  on  the  knob  of  one  of  its 
bottles;  the  whole  will  be  indantly  exploded 
into  vapour;  the  fparks  will  be  much  longer 
than  common,  and  more  compaCt. 


Beccaria 
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Beccaria  obferves,  that  by  fending  a dif- 
charge  to  a greater  or  lefs  diftance,  through  one 
or  more  drops  of  quickfilver,  the  difeharge 
diffufes  itfelf  into  drops,  and  drives  them  into 
vapour;  part  of  it  rifing  into . the  air  in  the 
form  of  fmoke,  the  other  part  remains  on  the 
glafs. 


EXPERIMENT  CXCV. 

A drop  of  water  hanging  from  the  corvden- 
fing  ball  of  an  eleCtrified  conductor,  will  ftretch 
towards  water  placed  in  a cup  under  it,  length- 
cning  and  Ihortening  itfelf  according  to  the 
force  of  the  electricity. 

experiment  cxcvi. 

Place  a drop  of  water  on  the  prime  conduc- 
tor, turn  the  machine,  and  long  zig-zag  fparks 
may  be  taken  from  it ; the  drop  will  take  a co- 
nical figure;  the  body  that  receives  the  fpark 
will  be  wetted,  and  the  fpark  will  be  confider- 
ably  longer  than  can  be  obtained  from  the 
Conductor  without  the  water.'* 


E x 
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EXPERIMENT  CXCVII. 

Stick  a piece  of  fealing-waxon  the  conductor, 
in  fuch  a manner  that  it  may  be  eafily  fet  on 
fire  by  a taper  ; while  it  is  flaming  turn  the  cy- 
linder, the  wax  will  become  pointed  and  fhoot 
out  an  almolt  invifible  thread  into  the  air,  to 
the  length  of  a yard  and  more.  If  the  fila- 
ments that  are  thrown  out  by  the  wax  are  re- 
ceived on  a fheet  of  paper,  the  paper  will  be 
covered  by  them  in  a very  curious  manner,  and 
the  particles  of  the  wax  will  be  fo  far  fub-di- 
vided  as  to  refemble  fine  cotton.  To  fallen  the 
piece  of  wax  conveniently  to  the  conductor, 
flick  it  firft  on  a fmall  piece  of  paper,  then 
twill  the  end  of  the  paper  fo  as  to  fit  one  of  the 
holes  which  are  made  in  the  prime  conductor ; 
when  it  is  thus  placed,  it  may  be  readily  fired 
by  a taper. 


Experiment  cxcviii. 

Infulate  a fountain  made  by  condenfed  air, 
and  which  emits  only  oneflream  ; eledtrify  the 
fountain  and  the  flream  will  be  feparated  into 

a great 
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a great  number;  thefe  will  diffufe  themfelves 
equally  over  a large  fpace  of  ground.  By  lav- 
ing a finger  upon  the  conductor,  and  taking  it 
off  again,  the  operator  may  command  either 
the  fingle  ftream  or  the  divided  one,  at  plea- 
fur  e. 

1 

EXPERIMENT  CXCIX. 

Electrify  two  fmall  infulated  fountains  with 
the  different  eledtric  powers;  the  flreams  of 
both  will  be  difperfed  into  very  minute  parti- 
cles, which  will  run  together  at  the  top,  and 
come  down  in  heavy  drops,  like  a fhower  of 
rain. 


CHAP. 
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CHAP.  XIV. 

OF  THE  ELECTRIC  LIGHT  IN  VACUO. 

•4  l 

EXPERIMENT  CC. 

r I ' AKE  a tall  dry  receiver,  and  infert  in 
the  top,  with  cement,  a wire  with  a 
rounded  end,  then  exhaud  the  receiver,  and 
prefent  the  knob  of  the  wire  to  the  conductor, 
and  every  fpark  will  pafs  through  the  vacuum 
in  a broad  dream  of  light,  vifible  the  whole 
length  of  the  receiver,  moving  with  regularity, 
unlefs  it  is  l'olicited  and  bent  out  of  its  way  by 
fome  non-eledtric,  then  dividing  itfelf  into  a 
variety  of  beautiful  rivulets,  which  are  conti- 
nually dividing  and  uniting  in  a mod  pleafing 
manner.  If  the  veffel  is  grafped  by  the  hand, 
at  every  fpark  a puliation  is  felt,  like  that  of 
•an  artery,  and  the  fire  bends  itfelf  towards  the 
hand.  This  pulfation  is  even  felt  at  fome 
diflance  from  the  receiver,  and  in  the  dark,  a 
light  is  feen  between  the  hands  and  the  glafs. 
The  dreams  of  light  pafs  filently  through  the 
receiver,  becaufe  the  air  is  removed  by  whofe 
vibration  found  is  produced. 
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• From  fome  experiments  made  feveral  years 
fince  by  Mr.  Wilfon,  with  an  excellent  air- 
pump  of  Mr.  Smeaton,  he  obferved,  that  very 
fmall  differences  of  air  occafioned  very  ma- 
terial differences  in  the  luminous  effects  pro- 
duced by  the  ele&ric  fluid ; for  when  all  the 
air  was  taken  out  of  the  receiver,  which  this 
pump  at  that  time  was  capable  of  extracting, 
no  electric  light  was  vifible  in  the  dark.  Upon 
letting  in  a little  air  by  a ftop-cock,  a faint 
eledtric  light  was  vifible,  and  by  letting  in  a 
little  more  air  increafed  the  light,  which  again 
decreafed  on  letting  in  more  air  ; till  at  laft, 
on  admitting  great  quantities,  it  intirely  vanifli- 
ed.  By  this  experiment  it  appeared,  that  a 
certain  limited  quantity  of  air  was  neccflary  to 
occafion  the  greateft  luminous  effect. 


EXPERIMENT  CCI. 

Fig.  82  reprefents  an  exhaufted  receiver, 
Handing  on  the  plate  of  an  air-pump,  a b an 
eledtrified  wire  difeharging  a dream  be  of  the 
eledtric  fluid  on  the  plate  of  the  air-pump.  If 
the  ftratum  of  air  on  the  outfide  of  the  receiver 
be  leffened  by  the  application  of  the  finger  to 
the  receiver,  and  by  this  means  an  opportunity 
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be  given  to  the  fluid  on  the  outfide  to  efcape, 
the  fluid  within  will  be  impelled  to  that  part, 
as  at  def.  It  has  been  inferred  from  this  ex- 
periment, that  no  repulflve  power  exifts  between 
the  particles  of  the  eleCtric  fluid ; becaufe,  if  it 
was  in  itfelf  really  elaftic,  or  endowed  with  a 
repulfive  power  of  its  own,  it  is  not  probable  .it 
could  pafs  in  an  uninterrupted  ftream,  as  at  b c , 
Ivhen  the  refiftance  was  taken  off ; it  would  then 
fpread  wider,  and  difplay  its  elaftic  power. 

It  is  more  confiftent,  fays  Dr.  Watfon,  to 
fuppofe,  that  the  repulflon  of  thefe  particles 
which  is  feen  in  the  open  air,  is  occafloned  by 
the  refiftance  of  the  air,  and  not  to  any  natural 
tendency  of  the  eleCtricity  itfelf. 

By  confldering  the  experiments  made  with  the 
electric  fluid  in  vacuo,  we  attain  a clear  idea  of 
the  refiftance  the  air  continually  makes  to  its 
paflage,  and  fee  that  the  divergence  of  its  rays 
is  not  to  be  attributed  to  an  imaginary  repulflon, 
but  to  the  refiftance  of  the  ambient  air,  for  the 
divergence  ceafes,  and  the  rays  unite  when  this 
refiftance  is  removed. 

experiment  ccii. 

Before  the  air  was  exhaufted  from  the  receiver, 
if  the  wire  at  the  top  of  it  was  electrified,  a di- 
verging 
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verging  brufli  proceeded  from  it,  about  an 
inch  long,  but  little  of  the  fluid  palling  off,  and 
even  that  little  requiring  a flrong  impulfive 
force  to  pufh  it  forward.  On  exhaufting  the 
receiver  the  following  changes  took  place  : firlt, 
the  rays  of  the  brufh  became  longer ; fecondly, 
the  rays  diverged  lefs,  were  fewer  in  number, 
and  the  fize  of  the  remaining  rays  was  increafed; 
thirdly,  they  all  united  at  lait,  and  formed  a 
continued  column  of  light,  from  the  wire  to  the 
plate  of  the  air  pump. 

From  this  .experiment  it  is  clear,  that  the  air 
is  the  agent  by  which,  with  the  afliftance  of 
other  eledtrics,  we  are  able  to  communicate 
electricity  on  eledtrics,  a§  well  a*:  non-eledtrics ; 
for  when  this  is  removed,  the  fluid  pervades 
the  vacuum,  and  flies  off  to  a conflderable 
diilance. 


EXPERIMENT  CCIII. 

To  diflinguifh  with  great  accuracy  the  chan- 
ges in  the  form  and  length  of  the  eledtric 
fpark  when  it  is  palling  through  a receiver,  the 
air  of  which  is  more  or  lels  rarified ; fix  a ball 
to  the  rod,  let  another  proceed  from  the  plate 
of  the  air-pump ; the  bails  are  to  be  placed 

about 
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about  one  inch  from  each  other.  When  the 
vacuum  is  good,  a fingle  uniform  ray,  of  a 
purple  colour,  palTes  from  one  ball  to  the  other  j 
but  in  proportion  as  the  air  is  admitted,  the 
ray  acquires  a quivering  motion,  which  indi- 
cates that  a refinance  to  its  motion  then  begins, 
and  this  interruption  is  followed  by  a divifion  of 
the  ray  or  ftream ; the  ray  now  acquires  a more 
vivid  light  j and,  laftly,  it  becomes  the  common 
fpark,  which  is  emitted  with  greater  or  lefs 
facility,  in  proportion  to  the  power  of  the  ma- 
chine, and  the  refiftance  of  the  air. 


experiment  cciv. 

i 

Prefent  a thin  exhaufted  flaflc,  fimilar  to  that 
reprefented  at  E,  fig.  49,  but  without  any  coat- 
ing on  the  outfide,  to  the  condu&or,  and  the 
bottle  will  be  luminous  from  end  to  end,  and 
when  taken  from  the  conduftor,  will  continue 
luminous,  moving  in  various  curvilinear  direc  ■ 
tions  for  a confiderable  time,  flafhing  at  inter- 
vals in  a manner  which  very  much  refembles 
the  Aurora  Borealis.  The  light  may  be  reviv- 
ed by  pairing  the  flalk  through  the  hand.  The 
ftroke  of  the  fluid  againlt  the  glafs  is  very  fen- 
fibly  heard  and  felt  in  this  experiment. 


The 
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The  flexuous  motions  of  the  eledtric  fluid  in 
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an  exhaufted  receiver  may,  in  fome  degree, 
be  produced  at  pleafure.  By  wetting  the  out- 
fide  of  the  receiver,  the  fire  will  follow  the  di- 
redtion  of  the  wetted  line,  as  the  refiflance  is 
now  leffened  on  one  fide  ; and  the  fire  can  ad- 
here and  accumulate  itfelf  on  the  infide  of  the 
receiver,  becaufe,  by  means  of  the  dampnefs, 
it  can  expel  a portion  from  the  outfide. 

This  experiment  may  be  exhibited  very 
pleafingly,  by  making  a Torricellian  vacuum  in 
a glafs  tube  about  three  feet  long,  and  then 
fcaled  hermetically.  Hold  one  end  of  this  tube 
in  the  hand,  and  apply  the  other  to  the  con- 


dudtor,  and  immediately  the  whole  tube  will 
be  illuminated  from  end  to  end,  and  will  con- 
tinue fo  for  a confiderable  time  after  it  is  re- 
moved from  the  conductor,  flafhing  at  intervals 
for  many  hours. 


experiment  ccv. 

Screw  on  a ball,  of  about  an  inch  diameter, 
to  the  rod  of  the  plate  of  the  collar  of  leather 
of  an  air-pump  ; place  this  on  a tall  receiver; 
connedt  the  exterior  part  of  the  rod  with  the 
conductor ; place  fomc  cylindrical  pieces  of 

metal 
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metal  on  the  plate  of  the  pump,  then  exhaufi: 
the  receiver  in  part,  and  eledtrify  the  rod  at 
intervals,  and  luminous  jets  of  fire  like  ful- 
minating meteors  will  fly  from  the  ball  to  the 
cylinders  of  metal. 

EXPERIMENT  CCVI. 

Another  beautiful  appearance  may  be  pro- 
duced in  the  dark,  by  inferting  a fmall  Leyden 
phial  into  the  neck  of  a tall  receiver,  fo  that 
the  outward  coating  may  be  expofed  to  the 
vacuum.  Exhaufi  the  receiver,  and  then  charge 
the  phial,  and  at  every  fpark  which  pafles  from 
the  conductor  to  the  infide,  a flafh  of  light  is 
feen  to  dart  from  every  part  of  the  external 
furface  of  the  jar,  fo  as  to  fill  the  receiver. 
Upon  making  the  difcharge,  the  light  is  feen 
to  return  in  a clofe  body. 


experiment  ccvii. 

A very  perfedl  vacuum  for  the  paflage  of  the 
eledtric  fluid  may  be  made  by  a double  barome- 
ter, or  long  bent  tube  of  glafs  filled  with  mer- 
cury and  inverted,  each  leg  flanding  in  a bafon 

of 
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of  mercury  ; the  bent  part  of  the  tube  above 
the  merciyy  forms  a compleat  vacuum.  If  a 
bottle  is  difcharged  through  this  fpace*  the 
light  appears  uniform  through  the  whole  fpace, 
but  is  mod  vivid  when  the  difcharges  are  ftrong. 
Dr.  Watfon  infulated  this  apparatus,  and  then 
made  one  of  the  bafons  of  mercury  communi- 
cate with  the  conductor,  and  touched  the  other 
with  a non-eledrric  ; the  electric  fluid  pervaded 
the  vacuum  in  a continued  flame,  without  any 
divergence  : when  one  of  the  bafons  was 
connected  with  the  infulated  cufhion,  the  fire 
appeared  to  pervade  the  vaeuum  in  a different 
direction. 

* f • • - f', 

EXPERIMENT  CCVIII. 

Fig.  83  reprefents  a glafs  tube,  fuch  as  is 
generally  ufed  for  barometers;  on  the  end  b a 
fteel  cap  is  cemented,  from  which  a wire  and 
ball  cd  proceed  into  the  tube.  Fill  this  tube 
with  quickfilver,  and  then,  by  fending  up  a 
large  bubble  of  air,  and  repeatedly  inverting 
the  tube,  free  the  quickfilver  and  iron  ball 
from  air,  according  to  the  ordinary  mode  of 
filling  barometers;  then  place  a fmall  drop  of 
aether  on  the  quickfilver,  and  put  the  linger  on 

X 2 


the 


N 


308  an  essay  on 

the  end  of  the  glafs  tube,  invert  the  tube, 
and  then  infert  the  end  / in  a bafon  of  quick- 
filver,  taking  care  not  to  remove  the  finger 
from  the  end  of  the  tube,  till  the  end  is  im- 
merged  half  an  inch  under  the  filver.  When 
the  finger  is  removed,  the  quickfilver  will  de- 
fcend,  and  the  aether  will  expand  itfelf,  leffen. 
the  vacuum,  and  deprefs  the  mercury  in  the 
tube;  now  prefent  the  metallic  top  of  the 
tube  to  a large  charged  conductor,  and  a 
beautiful  green  fpark  will  pafs  from  the  ball 
to  the  quiekfilver.  By  admitting  a final  1 
quantity  of  air  into  the  vacuum,  an  appear- 
ance fomething  fimilar  to  a falling  ftar  is  ob- 
tained. I am  indebted  for  this  valuable  ex- 
periment to  Mr.  Morgan,  of  the  Equitable 
Affu ranee  Office. 


experiment  ccix. 

Place  the  brafs  cap  of  a well  cxhaufled  re- 
ceiver, at  about  half  an  inch  from  the  prime 
conductor,  fo  that  when  the  machine  is  in 
adtion,  fparks  may  pafs  from  the  conductor  to 
the  brafs  cap  of  the  receiver.  Mr.  Cavallo, 
in  relating  the  circumfiances  attending  an  ex- 
periment of  this  kind  made  by  him,  obferves 
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that  when  the  receiver  was  exhaufted,  the  fpark 
pafled  from  cap  to  the  plate  of  the 
pump  through  the  receiver,  illuminating  its 
whole  cavity  ; that  the  vacuum  became  a 
better  conductor  of  electricity  in  proportion  as 
it  was  more  perfect,  and  that  the  eledtric  light 
was  more  equally  ditfufed,  but  it  was  by  no 
means  faint  when  the  receiver  was  exhaufted 
to  the  utmoft.  The  light  changed  according 
as  the  receiver  was  more  or  lefs  exhaufted.  The 
appearances  were  as  follows. 

DEGREE  OF  RAREFACTION,  APPEAR ANCES OF  THE  ELEC  - 
AS  SHEWN  BY  THE  GAGE.  TRIC  LIGHT  WITHIN  THE 

» RECEIVER. 


Air  rarified  40  times.  - 


Light  in  large,  long, 
but  divided  ftreams. 


70 


80 


r Beautiful  diffufed  light 
inclining  to  red  or 


100 


purple,  and  filling 


400 


[_  the  whole  receiver. 


receiver. 


When  the  gage  fhew’- 
ed  the  utmofl  de- 
gree of  exhauftion. 


"A  diffufed  light  fil- 
led equally  the  re- 
ceiver; it  had  hardly 
any  reddifh  hue  *. 


* Phil.  Tranf,  vol.  lxxiii.  part  ii.  p.451. 
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See  alfo  Experiment  cxii,  cxiii,  cxxi, 
cxxiij  of  this  Eflay,  for  further  obferva- 
tions  on  the  appearance  of  the  eledtric  light 
IN  VACUO. 
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CHAP.  XV. 


OF  MEDICAL  ELECTRICITY. 

» • i »?  r < * - . 

HE  Abbe  Nollet  fiiys,  that  he  received 


more  pleafure  when  he  difcovered  that  the 
motion  of  fluids  in  capillary  tubes  and  the  in- 
fenfible  tranfpiration  of  animated  bodies  were 
augmented  by  electricity,  than  by  any  other 
difcovery  he  had  made ; becaufe  they  feemed  to 
promife  fuch  abundant  advantages  to  mankind, 
when  properly  applied  by  a Ikilful  hand.  But 
how  much  would  this  pleafure  have  been  aug- 
mented, if  he  had  lived  to  lee  his  hopes  rea- 
lized, and  this  branch  of  eleCtricity  obtain  the 
fame  medical  certainty  as  the  bark  in  inter- 
mittents  I 

7 • • 1 • « . v * • • 

It  is  true,  that  like  every  other  Ample  me- 
dicine which  has  proved  beneficial  to  mankind, 
eleCtricity  met  with  much  oppofition  from  the 
interefted  views  of  fome,  and  the  ignorance  of 
others ; has  been  treated  with  contempt,  and 
injured  by  mifplaced  caution.  I lhall  recom- 
mend to  thofe  who  thus  oppofe  it,  not  to  con- 
demn a fubjeCt  of  which  they  are  ignorant, 
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but  to  hear  the  caufe  before  they  pafs  fentence  ; 
to  take  fome  pains  to  underhand  the  nature  of 
ele&ricity ; to  learn  to  make  the  eleCtrical  ma- 
chine aCt  well,  and  then  apply  it  for  a few 
weeks  to  fome  of  thofe  difcorders  in  which  it  has 
been  adminiftered  with  the  greateft  fuccefs; 
and  there  is  no  doubt  hut  they  would  foon  be 
convinced  that  it  deferves  a diftinguilhed  rank 
in  medicine,  which  is  the  offspring  of  phi- 
lofophy. 

The  fciehce  of  medicine  and  its  practitioners 
have  been  reproached  with  the  inftability  and 
fluctuations  of  praCtice  ; at  one  time  cold  as  the 
ice  at  Zembla,  at  another  hot  as  the  Torrid 
Zoney  that  they  are  led  by  fafhion,  and  influ- 
enced  by  prejudice.  On  this  ground  it  has 
been  predicted,  that  however  great  the  benefits 
which  may  be  derived  from  electricity,  it 
would  ftill  only  laft  for  the  day  of  fafhion,  and 
then  be  configned  to  oblivion.  I rnuft  confefs, 

f r 

that  I canndt  be  of  this  opi'nibn,  nor  eaflly  led 

• • * * • . 

to  think  a fet  of  men  whofe  judgment  has  been 
matured  by  learning  and  experience,  will  ever 
negleCt  an  agent,  which  probably  forms  themoft 
important  part  of  our  conftitution.  Electricity 
is  an  aCtive  principle,  which  is  neither  generated 
nor  deftroyed  ; which  is  every  where,  and  always 
prefent,  though  latent  and  unobferved ; and 

is 
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is  in  motion  by  night  and  day,  to  maintain 
an  equilibrium  that  is  continually  varying.  To 
give  one  inftance,  among  many,  it  has  been 
Ihewn,  that  the  rain  that  defcends  in  a ftorm 
is  ftrongly  impregnated  with  eledtricity,  and 
thus  brings  down  what  the  heated  vapours  car- 
ried up  into  the  air,  till  the  deficiency  of  the 
earth  is  fupplied  from  the  fuperfluity  of  the 
heavens.  A variety  of  other  cauies  concur  to 
vary  continually  the  equilibrium  of  this  fluid ; 
as  the  perpetual  inteftine  and  ofcillatory  motion, 
which  contributes  fo  much  towards  carrying  on 
the  operations  of  nature.  Further,  if  a parti- 
cular portion  of  this  fluid  is  diftributed  to  every 
lubftance,  then  every  alteration  of  its  capacity, 
which  is  continually  changing  by  heat  or  cold, 
rnuit  move  or  operate  on  it. 

As  heat,  or  fu  e in  adtion  is  the  firft  mover 
in  the  animal  machine,  and  the  chief  adtive 
principle  du  ing  its  exiftence,  and  as  eledtricity 
exhibits  fo  many  phenomena,  which  cannot 
be  diftinguifhed  from  thofe  of  fire,  we  are  na- 
tually  led  to  conceive  high  ideas  of  the  im- 
portance of  this  fluid  to  medicine.  Though 
the  vital  ftate  of  it  is  not  to  be  eftimated 
by  the  degree  of  heat,  abftradtedly  confider- 
ed,  becaufe  the  degree  of  heat  only  afcer- 

tains 
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tains  the  quantity  which  is  aCting  in  a peculiar 
manner. 

It  is  known  that  this  vivifying  principle 
haftens  the  vegetation  of  plants.  Myrtle-trees, 
which  were  eleCtrified,  budded  fooner  than 
others  of  the  fame  kind  and  fize,  and  in  the 
fame  green-houfe.  Seeds,  daily  electrified, 
have  fhot  up,  and  grown  more  in  three  or  four 
days  than  others  of  the  fame  kind,  and  alike 
in  all  other  circumftances,  have  done  in  eleven 

• V 

or  twelve  days.  In  the  fame  manner  Mr. 
Achard  has  fhewn,  that  it  may  be  ufed  as  a 
Supplement  for  heat,  to  hatch  the  chickens  from 
the  egg.  The  fuppofition  of  an  ingenious 
writer  is  by  no  means  improbable,  that  the  ve- 
getating power  which  is  operating  during  the 
whole  year  in  ever-greens,  may  arife  from  thefe 
trees  having  more  refin  in  their  compofition 
than  thofe  whofe  leaves  fall  in  autumn,  by 
which  they  are  enabled  to  attraCt  and  retain 
thole  juices  which  give  them  their  continual 
verdure,  and  fupply,  in  fome  degree,  the  ab- 
fence  of  folar  heat.  This  may  be  inferred 
from  their  natural  properties,  and  is  confirmed 
by  the  ftrong  eleCtric  power  poflfeflfed  by  their 
leaves.  The  fame  writer  thinks,  that  the  fluid 
collected  in  our  eleCtrical  experiments  is  only 
thofe  folar  rays  that  have  been  dilperfed  in,  and 
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are  arrefted  by  the  earth ; an  idea  which  is 
flrongly  corroborated  by  the  obfervations  made 
on  atmofpherical  eledlricity,  and  by  the  de- 
dications which  have  been  made  from  the  rela- 
tive affinities  of  fire,  light  and  heat. 

The  agency  of  this  fluid,  and  its  exiftence 
in  animated  nature,  has  been  fully  proved  by 
the  experiments  that  have  been  made  on  the 
torpedo  and  the  Gymnotus  Eledtricus ; for  the 
fimilitude  eftabliffied  between  the  electrical  fluid 
of  the  Torpedo  and  that  of  nature  at  large,  is 
fuch,  that,  in  a phyfical  fenfe,  they  may  be 
confldered  as  precifely  the  fame.  Mr.  Hunter 
has  well  obferved,  fays  Sir  J.  Pringle,  and  I 
think  he  is  the  firft  who  has  made  the  obfer  • 
vation,  that  the  magnitude  and  number  of  the 
nerves  bellowed  on  thofe  eledtric  organs  in  pro- 
portion to  their  flze,  muft  appear  as  extraordi- 
nary as  their  effedts  ; and  that,  if  we  except 
the  important  organs  of  our  fenfes,  there  is  no 
part,  even  of  the  moll  perfedt  animal,  which,  for 
its  flze,  is  more  liberally  fupplied  with  nerves  than 
the  Torpedo : nor  yet  do  thefe  nerves  of  the  elec- 
tric organs  feem  neceflary  for  any  fenfation  that 
can  belong  to  them  : and  with  refpedl  to  adlion, 
Mr.  Hunter  obferves,  that  there  is  no  part  of 
any  animal,  however  llrong  and  conllant  its 
adlion  may  be,  which  enjoys  fo  large  a portion 

of 
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of  them.  If  then  it  be  probable,  that  thefe 
nerves  are  unneceffary  for  the  purpofe  either  of 
fenfation  or  action,  may  we  not  conclude,  that 
they  are  fubfervient  to  the  formation,  collection, 
and  management  of  the  eleCtric  fluid  ? efpe- 
cially,  as  it  appears  from  Mr.  Walfh’s  experi- 
ments, that  the  will  of  the  animal  commands 
#the  eleCtric  powers  of  its  organs.  If  thefe  re- 
flections are  juft,  we  may  with  fome  probabi- 
lity foretell,  that  no  difcovery  of  confequence 
will  ever  be  made  by  future  phyfiologifts  con- 
cerning die  nature  of  the  nervous  fluid,  with- 
out acknowledging  the  lights  they  have  bor- 
rowed from  the  experiments  of  Mr.  Walfh 
upon  the  living  Torpedo,  and  the  difieCtion  of 
the  dead  animal  by  Mr.  Hunter  *. 

A variety  of  curious  faCts  clearly  evince, 
that  the  eleCtric  fire  is  effentially  connected 
with  the  hujiian  frame,  and  is  continually  ex- 
erting its  influence  upon  it.  Add  to  this  the 
eafe, with  which  the  natural  equilibrium  isdeftroy- 
ed,  and  wre  may  readily  conceive,  that  any  alter- 
ation in  the  quantity  or  intenfity  of  aCtion  of 
this  powerful  fluid  will  produce  correfponding 
changes  in  the  habit  or  health  of  the  body  : the 
following  is  a remarkable  inftance  of  the  agen- 


* Sir  John  Pringle’s  Difcourfcs,  p.  84. 
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cy  of  the  fluid  in  the  human  frame,  and  of  the 
eafewlth  which  it  is  put  in  aCtion.  Mr.  Brydonc 
mentions  a lady,  who,  on  combing  her  hair  in 
frotty  weather  in  the  dark,  had  fometimes  ob~ 
ferved  fparks  of  fire  to  iffue  from  it ; this  made 
him  think  of  attempting  to  colleCt  the  electrical 
fire  from  hair  alone,  without  the  afliftance  of 
any  other  electrical  apparatus.  To  this  end,  he 
defired  a young  lady  to  Hand  on  wax,  and 
comb  her  fitter’s  hair,  who  was  fitting  in  a chair 
before  her ; foon  after  fhe  had  begun  to  comb, 
the  young  lady  on  the  wax  was  furprifed  to 
find  her  whole  body  eleCtrified,  and  darting  out 
fparks -J  of  fire  againft  every  objeCt  that  ap- 
proached her.  Her  hair  was  ftrongly  electrical, 
and  affeCted  an  electrometer  at  a confiderable 
diftance.  He  charged  a metallic  conductor  from 
it,  and  in  the  fpace  of  a few  minutes  colleCted 
a fufficient  quantity  of  fire,  to  kindle  common 
fpirits,  and,  by  means  of  a fmall  jar,  gave  many 
fmart  ttrokes  to  all  the  company. 

Mr.  Cavallo  obtained,  by  means  of  a fmall 
conderifing  plate,  very  fenfible  figns  of  electri- 
city ' from  various  parts  of  his  own  body,  and 
the  head  of  almoft  any  other  perlon. 

When  the  difebveries  in  thislcience,  fays  Mr. 

Brydone,  are  further  advanced,  we  may  find, 

that  what  v/e  call  fenfibility  of  nerves,  and  ma- 
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ny  other  difeafes,  which  are  kriown  only  by 
name,  are  owing  to  the  bodies  being  poftefled 
of  too  large  or  too  fmall  a quantity  of  this  fubtle 
fluid,  which  is  perhaps  the  vehicle  of  all  our 
feelings.  It  is  known,  that  in  damp  and  hazy 
weather,  when  this  fire  is  blunted  and  abforbed 
by  the  humidity,  its  activity  is  leffened,  and 
what  is  collected  is  foon  diftipated ; then  our 
fpirits  are  more  languid,  and  our  fenfibility  is 
lei's  acute.  And  in  the  fierce  wind  at  Naples, 
when  the  air  feems  totally  deprived  of  it,  the 
whole  fyftem  is  unftrung,  and  the  nerves  feem 
to  lole  both  their  tenfion  and  elafticity,  till  the 
north-weft  wind  awakens  the  a&ivity  of  the  ani- 
mating power,  which  foon  reftores  the  tone, 
and  enlivens  all  nature,  which  feemed  to  droop 
and  languifh  in  its  abfence:  nor  can  this  ap- 
pear furprifing,  if  it  is  from  the  different  ftate 
of  this  fire  in  the  human  body,  that  the  ftridtum 
and  laxum  proceeds,  and  not  from  any  alter- 
ation in  the  fibres  themfelves,  or  their  being 
more  or  lefs  braced  up,  (among  which  bracers 
cold  has  been  reckoned  one)  though  the  muf- 
cular  parts  of  an  animal  are  more  braced  when 
they  are  hot,  and  relaxed  when  they  are  cold . 

Mr.  Jalabert  and  Profeftor  Saufture,  when 
pafling  the  Alps,  were  caught  among  thun- 
der-clouds, and  found  their  bodies  full  of 
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electrical  fire ; fpontaneous  flathes  darting  from 
their  fingers,  with  a crackling  noife,  and  the 
fenfations  they  felt  were  the  fame  as  when 
ftrongly  eledtrified  by  art.  It  feems  pretty  evi- 
dent, that  thofe  feelings  were  owing  to  their  bo- 
dies containing  too  great  a lhare  of  ele£trical 
fire  3 and  it  is  not  improbable,  that  many  of 
our  invalids  owe  their  feelings  to  the  oppofite 
caufe. 

The  perpetual  ele&ricity  of  the  atmofphere  is 
no  longer  a problem : the  exiftence  and  conti- 
nual agency  of  it  in  that  mafs  of  air  which  fur- 
rounds  our  globe  has  been  afcertained  by  nu- 
merous clear  and  decifive  experiments,  and  it 
feems  by  no  means  improper  to  infer,  that  this 
fluid  cannot  exift  in  the  atmofphere  without 
exerting  a certain  influence  on  all  the  beings 
contained  in  it,  and  principally  on  organized 
bodies,  among  which  man  holds  the  higheft 
rank. 


EXPERIMENT  CCX. 

Pafs  the  charge  of  a large  jar,  or  battery, 
from  the  head  to  the  back  of  a moufe ; this, 
it  the  fhock  is  fufficiently  ftrong,  will  kill  the 
animal.  After  its  death,  make  the  difcharer 
in  the  fame  manner,  and  the  fluid  will  pafs  vi- 
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fibly  over  the  body,  and  not  through  it ; evinc- 
ing, that  the  power  or  medium  which  tranf- 
mitted  the  fhock  through  the  animal,  is  loll 
with  its  life.  This  experiment  is  taken  from 
Mr.  Cavallo’s  treatife  on  medical  ele&ricity. 
Its  importance  is  felLevident,  and  it  certainly 
merits  a further  inveftigation,  by  thofe  who  are 
acquainted  with  the  animal  oecnoomy,  as  well 
as  electricity. 

The  following  experiment  fhews,  that  the 
electric  fluid  pafles  through  that  feries  of  muf- 
cles  which  form  the  fhortefl:  paflage  for  it,  and 
whofe  conducting  power,  or  electric  capacity, 
is  molt  favourable  to  it. 

experiment  ccxi. 

Let  A grafp  a Leyden  phial  with  his  right 
hand,  and  touch,  with  a brafs  rod  held  in  his 
left  hand,  the  naked  right  foot  of  B j let  the 
left  foot  of  B communicate  by  a brafs  rod  with 
the  right  foot  of  C ; let  D with  his  right  hand 
hold  the  left  ear  of  C,  and  touch  the  knob  of  the 
bottle  with  his  left  hand  : A will  feel  the  Ihock 
in  the  mufcles  of  the  right  hand  and  arm,  of 
the  thorax,  and  of  the  left  hand  and  arm ; B 
will  feel  the  commotion  in  the  mufcles  of  his 
right  foot,  right  leg  and  thigh,  and  thofe 
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which  are  connedled  with  the  left  thigh,  leg* 
and  foot,  while  C will  perceive  it  in  that  feries 
which  goes  from  the  leg  to  the  ear  by  which 
he  communicates  with  D.  The  adtion  of  the 
fluid  on  the  human  body  in  the  fhock,  is  the 
fame  when  it  pafles  through  fimilat  parts  with 
the  fame  denfity.  Its  adtion  is  more  extenfive 
when  the  fire  is  denfeft,  and  therefore  mofl  in- 
tenle  when  it  meets  with  any  refiftance. 

Aflifled  by  a lurgeon,  Beccaria  made  feveral 
experiments  upon  the  effedts  produced  by  elec- 
tricity on  the  mufcles'in  the  left  leg  of  a cock; 
The  mufcles  were  flrongly  contradled  when  a 
fhock  was  paffed  through  them,  and  the  con- 
tradlion  was  always  accompanied  by  a fudden 
and  proportional  fwelling  of  the  mufcles,  ex- 
cepting at  the  part  where  the  membrane  is  in- 
serted, which  feparates  one  mufcle  from  ano- 
ther, which  was  always  deprefTed.  The  mem- 
brane which  invefted  that  part  of  the  mufcle 
through  which  the  fluid  patted,  became  dry 
and  wrinkled,  and  a vapour  arofe  from  that 
part ; when  one  mufcle  was  contradled*  a ge- 
neral contradlion  took  place  in  thofe  that  were 
contiguous  to  it,  and  they  were  a little  con- 
vulled  after  the  (hock. 

In  another  inflance,  where  the  mufcle  was 


relaxed  and  parted  from  the  thigh,  on  palling 
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the  fhock  through  it  the  mufcle  contradted  it- 
felf,  and  was  drawn  back  into  its  natural  place, 
and  could  not  be  again  difplaced  but  by  force ; 
a circumftance  which  ftrongly  manifefts  the 
power  of  cledtricity  to  give  tone  to  a flaccid 
fibre.  Indeed,  when  we  confider,  fays  a very 
fenfible  writer,  that  the  muicles  have  been 
brought  into  adtion  by  the  eledtric  fire  ; that  it 
has  rendered  palfied  limbs  plump,  and  reftored 
a power  of  adtion  and  motion  to  many,  whofe 
palfies  did  not  arife  from  the  fpinal  marrow : 
is  it  not  a convincing  proof,  that  the  vital  fire 
is  the  caufe  of  mufcular  motion,  and  that  this 
is  the  fame  with  that  which  is  colledted  by  the 
eledtrical  machine*? 

As  the  fcience  of  medicine  knows  of  no 
fpecific,  fo  we  are  not  to  fuppofe,  that  electri- 
city will  triumph  over  every  diforder  to  whichf 
it  is  applied.  Its  fuccefs  will  be  more  or  lefs 
extenfive,  according  to  the  difpofition  of  the 
fubjedt,  and  the  talents  of  thofe  who  diredt  it ; 
it  cannot  therefore  appear  furprifing,  that  many 
diforders  have  been  refractory  to  its  powers, 
and  others  have  only  yielded  in  a fmall  degree ; 

• * 

* Dr.  Cullen  fays,  that  Eleftricity,  when  properly  ap- 
plied, is  one  of  the  moft  powerful  fiimulants  that  can  he 
ufctl  to  aft  upon  the  nervous  fyftern  of  animals. 
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or,  that  the  progrefs  of  the  cure  has  often  been 
Hopped  by  the  impatience,  or  prejudice,  of  the 
difeafed : but  at  the  lame  time,  it  mull  be  ac- 
knowledged, that  even  in  its  infancy,  when 
it  had  to  combat  againft  fear,  prejudice;  and 
intereft;  its  fuccefs  was  truly  great : we  have 
lurely  then  the  higheft  reafon  to  expeCt  a con- 
fiderable  increafe  of  fuccefs,  now  that  it  is  cuU 
tivated  and  promoted  by  profeffional  men  of 
the  firft  merit. 

experiment  ccxii. 

This  experiment  fhews,  that  the  eleCtrie 
powers  may  be  put  in  action  by  heat  and  cold. 
It  was. originally  made  by  Mr.  Canton.  He 
procured  lome  thin  glafs  balls,  of  about  art 
inch  and  a half  diameter,  with  items  or  tubes, 
of  eight  or  nine  inches  in  length,  and  electri  - 
fied them,  fome  pofitively  on  the  in  fide, 
others  negatively,  and  then  fealed  them  herme- 
tically ; foon  after  he  applied  the  naked  balls  to 
his  electrometer,  and  could  not  obferve  the 
lead  fign  of  their  being  deCtrical ; but  holding 
them  at  the  fire,  at  the  diftance  of  five  or  fix 
inches,  they  became  ftrongly  eleCtrical  in  a 
fhort  time,  and  more  fo  when  they  were  cool- 
ing. Thefe  balls  would,  every  time  they  were 
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heated,  give  the  eleflric  power  to^  or  take  it 
from,  other  bodies,  according  to  the  plus  or 
minus  ftate  of  it  within  them.  Heating  them 
frequently  diminifhed  their  power,  but  keeping 
one  of  them  under  water  a week  did  not  in  the 
leaft  impair  it.  The  balls  retained  their  virtue 
above  fix  years.  The  tourmalin  and  many 
other  precious  ftones  are  alfo  known  to  acquire 
ele&ricity  by  heat.  The  tourmalin  has  always 
at  the  fame  time  a pofitive  and  negative  elec- 
tricity; one  fide  of  it  being  in  one  ftate,  the 
other  in  the  oppofite.  Thefe  powers  may  be 
excited  by  fri£tion  and  by  heat ; nay,  even  by 
plunging  it  in  boiling  water. 

EXPERIMENT  CCXIII. 

Infulate  a fenfible  mercurial  thermometer, 
and  place  the  bulb  between  two  balls  of  wood, 
one  affixed  to  the  condu&or,  the  other  com- 
municating with  the  ground,  and  the  ele<5tric 
fluid,  in  palling  between  the  two  balls,  will  raife 
the  mercury  in  the  thermometer  confiderably. 
With  a cylinder  of  about  feven  inches  and  a 
half  in  diameter,  the  fluid  paffing  from  a ball 
of  lignum  vitje  to  a ball  of  beech,  and  thence 
to  the  ground,  elevated  the  quickfilver  in  the 
thermometer  from  63°  to  iio°,  repeatedly  ter 

105. 


ELECTRICITY.  325 

105.  The  thermometer  was  raifed  from  68° 
to  85°,  by  the  fluid  patting  from  a point  of  box 
to  a point  of  lignum  vitas ; from  67°  to  ioo°, 
from  a point  of  box  to  a ball  of  box ; from 
66°  to  ioo°,  from  a ball  of  box  to  a brafs 
point;  from  69°  to  ioo°,  from  ball  to  ball; 
the  bulb  of  the  thermometer  covered  with 
flannel. 

Mr.  Morgan,  in  his  examination  of  Dr.  Craw- 
ford’s Theory  of  Heat,  was  the  firft  perfon  who 
proved  that  the  mercury  in  the  thermometer 
might  be  raifed  by  electricity. 

The  public  have  long  expeCted  that  fome  fyf- 
tem  of  the  application  of  Medical  Electricity 
would  be  produced ; but  the  gentlemen  into 
whofe  hands  the  chief  practice  has  fallen,  know 
the  fallacy  of  fyftems  too  well  to  hazard  any 
which  is  not  built  on  experience. 

In  a fhort  courfe  of  leCtures  which  were  read 
on  this  fubjeCt  laft  winter  by  Mr.  Birch,  fome- 
thing  like  a fyftem  was  thrown  out  for  the 
confideration  of  future  electricians.  The  appli- 
cation of  eleCtricity  to  medicine  was  divided 
into  three  forms ; namely,  the  fluid,  the  fpark 
or  friction,  and  the  fhock.  The  firft  mode  he 
conttdered  to  aCt  as  a Sedative,  the  fecond  he 
ranked  under  the  title  of  a Stimulant,  and  the 
laft  as  a Deobftruent.  As  the  diftinCtions  were 
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the  refult  of  many  experiments  and  much  obser- 
vation, they  may  fafely  be  adopted  for  the  pre- 
sent. That  gentleman  being  now  engaged  in  the 
practice  of  a great  hofpital,  where  his  eiedtrical 
experiments  have  already  gained  fome  reputa- 
tion, we  may  hope  the  fcience  will  be  more 
univerfally  diffufed,  and  being  taught  under  the 
cautious  eye  of  public  ferutiny,  we  may  truft 
its  merits  will  foon  give  it  an  eftablifhed  rank 
in  the  art  of  healing. 

From  hence  we  may  perceive  that  in  medi- 
cine, eledbricity  is  applicable  to  palfies,  rheu- 
matifms,  intermittents ; to  fpafm,  obftrudtion, 
and  inflammation.  In  furgery  it  has  confider- 
able  fcope  for  adtion  ; where  contradlions  and 
fprains,  tumours,  particularly  of  the  glandular 
fort,  wafting  of  the  mufcles,  and  other  incidents, 
form  a catalogue  of  vifible  difeafes  as  diftref- 
fing  to  the  fight  of  others  as  to  the  patients 
themfelves.  The  gout,  and  the  fcrophula,  or 
king’s  evil,  two  difeafe$  which  have  tormented 
mankind,  and  been  the  difgrace  of  medicine  to 
the  prefent  time,  are  ranked  among  thole  to 
which  this  remedy  is  applicable ; and  in  the 
commencement  of  the  complaints,  I am  inform- 
ed, has  been  wonderfully  fuccefsful.  To  re- 
move ill-placed  fits  ot  the  gout,  it  fhould  feem 

10  be  a more  rational  application  than  any  me- 
dicine, 
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dicine,  for  it  applies  directly  to  the  feat  of  the 
difeafe,  with  a power  and  rapidity  unknown  in 
phyfic,  and  perfectly  manageable  at  difcretion  ; 
and,  as  it  is  a remedy  which  applies  to  the 
underflanding  as  well  as  to  the  feelings,  I fhould 
think  it  better  worth  the  attention  and  con- 
templation of  men  of  liberal  education,  than 
the  compounding  a medicine,  in  which  they 
place  little  faith,  or  applying  a plaifter,  in  which 
they  have  none  at  all. 

The  fuccefs  of  electricity,  in  relieving  the 
bufferings  of  mankind,  has  been  confiderably 
promoted,  and  its  operations  rendered  more 
rapid,  fenfible,  and  efficacious  by  applying  it 
in  different  manners  and  quantities  to  the  hu- 
man frame.  The  modes  formerly  ufed  were 
the  fhock,  fpark,  and  fometimes,  though  very 
feldom,  fimple  electrification.  Thefe  modes  are 
now  varied,  and  their  number  augmented.  The 
ftream  of  the  eleCtric  fluid  may,  without  a fhack, 
be  made  to  pafs  through  any  part  of  the  body ; 
it  may  alfo  be  thrown  upon,  or  extracted  from 
any  part,  and  its  aCtion  in  each  cafe  varied,  by 
caufing  the  fluid  to  pafs  through  materials  which 
refift  its  paffage  in  different  degrees ; it  may  be 
applied  to  the  naked  integuments,  or  to  the  fkin 
covered  with  different  refifting  fubftances  ; and 
its  power  may  be  rarified  or  condenfed,  confln- 
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(ed  to  one  fpot,  or  applied  in  a more  diffufive 
manner,  at  the  difcretion  of  the  operator, 

THE  APPARATUS  NECESSARY  FOR  THIS  PUR- 
POSE IS  SIMPLE,  AND  CONSISTS  OF  THE  FOL- 
LOWING  articles: 

1.  An  eledrical  machine,  with  an  infulated 
cufhion,  properly  conftruded  to  afford  a con- 
tinued and  ftrong  ftream  of  the  eledrical  fluid. 
(The  machine  reprefented  in  the  plate  which 
faces  the  title-page  of  this  Eflay,  is  the  kind 
which  Mr.  Birch  recommended  to  medical  prac- 
titioners in  his  ledures.) 

2.  A (tool  with  infulating  feet,  or  rather  an 
arm  chair  fixed  on  a large  infulating  ftool. 
The  infide  part  of  the  back  of  the  chair  fhould 
move  on  a hinge,  that  it  may  occafionally  let 
down  to  eledrify  conveniently  the  back  of  the 
patient:  the  arms  of  the  chair  fhould  alfo  be 
made  longer  than  ufual. 

3.  A Ley dei)  bottle  with  an  eledrorneter. 

4.  A pair  of  large  diredors,  with  giafs  handles, 
and  wooden  points. 

5.  A few  giafs  tubes  of  different  bores,  fome 
of  them  with  capillary  points. 

To  thefe  may  be  added,  an  univerfal  dif- 
charger  on  a large  fcale,  a pair  of  fmall  direc- 
tors with  filver  wires,  and  a pair  of  infulating 
forceps. 
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Fig.  93  reprefents  the  directors ; the  handles 
are  of  glafs.  A is  a brafs  wire  with  a ball  on 
its  end.  The  wire  of  one  is  bent,  for  the  more 
conveniently  throwing  the  eledric  fluid  on  the 
eye,  &c.  The  balls  may  be  unfcrewed  from 
the  wires,  and  the  wooden  point  B fcrewed  in 
its  place,  or  the  pointed  end  of  the  brafs  wire 
may  be  ufed.  The  directors  fhould  always  be 
held  by  that  extremity  of  the  glafs  handle  which 
is  fartheft  from  the  brafs,  and  care  fhould  be 
taken  that  the  heat  of  the  hand  does  not  make 
them  moift. 

L,  and  M,  fig.  84,  reprefent  glafs  tubes, 
through  which  fmall  wires  are  made  to  pafs,  to 
convey  the  fluid  diredly  to  the  ear  or  throat. 

Fig.  88  reprefents  another  glafs  tube,  of  a 
larger  flze,  the  end  of  which  is  capillary ; a 
fmall  quantity  of  rofe  water,  or  any  other  fluid, 
is  to  be  poured  into  this  tube ; then  conned  it 
with  the  prime  conductor  by  a wire ; turn  the 
cylinder,  and  a fubdivided,  gentle  and  refrefh- 
ing  ftream  of  this  fluid  may  be  thrown  on  the 
patient. 

Fig.  86  reprefents  the  eledric  forceps:  fomc 
gentlemen  think  it  is  a very  convenient  inftru- 
ment  for  communicating  a fhock.  Its  ufe  is 
evident  from  an  infpedion  of  the  figure. 

Fig.  85  is  the  medical  bottle,  furnifhed  with 

an 
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an  eledrometer,  to  limit  the  force  of  the  /hock, 
and  enable  the  operator  to  give  a fuccefiive 
number  of  them  of  the  fame  force.  C is  a 
bent  piece  of  glafs,  on  the  upper  part  of  which 
is  cemented  a brafs  focket  D,  furnifhed  with  a 
fpring  tube  E ; the  wire  F moves  in  this  tube, 
fo  that  the  ball  G may  be  fet  at  a convenient 
diftance  from  the  ball  H.  The  end  I of  the 
bent  piece  of  glafs  is  alfo  furnifhed  with  a fpring 
tube,  which  Aides  upon  the  wire  K,  communi  - 
cating with  the  infide  of  the  bottle. 

To  ule  this  bottle,  place  the  ball  H in  con- 
tact with  the  condudor,  or  conned  them  to- 
gether by  a wire,  and  then  charge  it  in  the 
olual  manner.  Now,  if  a wire  proceeds  from 
the  ball  L to  the  outfide  coating,  the  bottle 
will  be  difcharged  whenever  the  fluid  has  acquir- 
ed fuflicient  force  to  pafs  through  the  fpace  of 
air  between  the  two  balls ; confequently  the 
fhock  is  ftronger  in  proportion  as  the  diflance 
between  the  two  balls  is  increafed. 

It  is  obvious,  that  when  the  eledrometer  is 
thus  conneded,  it  ads  in  the  fame  manner  as  a 
common  difcharging  rod,  and  forms  the  com- 
munication between  the  outfide  and  the  infide 
of  the  bottle  ; with  this  difference  only,  that 
the  diftance  of  the  end  which  is  to  communicate 
with  the  infide  may  be  limited  and  regulated. 
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It  has  been  found  more  convenient,  to  fepa- 
rate  the  ele£trometer  from  the  bottle,  and  ap- 
ply it  to  the  conductor  : fee  in  the  frontifpiece 
to  this  Effay,  where  a , b , reprefents  the  eledtro- 
meter,  c , d>  the  Leyden  bottle,  fufpended  at  a 
fmall  diftance  from  it;  a glafs  tube  e,fy  is  fixed 
in  this  bottle,  a fmall  part  of  the  lower  end  of 
which  is  coated ; two  wires  pafs  through  the 
brafs  ball  C on  the  top  of  this  tube,  one  of 
which  goes  down  to  the  bottom  of  the  exterior 
bottle,  and  touches  its  internal  coating,  the  other 
only  goes  to  the  coating  of  the  tube : thefe  wires 
may  be  removed  at  pleafure.  The  bottle  is  to  be 
fufpended  to  the  condu6tor  by  the  ring,  and  a 
chain  or  wire  is  to  be  fixed  to  the  hook  d,  at 
the  bottom. 

Fig.  1 1 9,  PI,  V.  reprefents  the  bottle  director 
which  is  hollow  and  coated  like  a common  bottle, 
a&ing  in  all  refpe£ts  like  one,  but  is  convenient 
from  its  fhape  and  fome  other  circumftances  in 
giving  fmall  fhocks. 

The  handles  of  the  directors  fhould  be  care- 
fully dried,  as  alfo  the  bent  piece  of  glafs  C, 
and  thofe  parts  of  the  bottle  which  are  above 
the  coating.  It  is  likewife  necefTary  to  prefs 
the  ends  of  the  directors  againft  the  part,  to 
convey  the  fhock  more  readily. 

Fig.  87  reprefents  an  univerlal  difcharger 

upon 
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upon  a large  fcalc,  with  a patient  fitting  between 
the  two  pillars,  one  ball  refting  at  A,  the  other 
being  placed  at  B.  The  convenience  of  this 
apparatus  is  obvious,  from  an  inflection  of  the 
figure ; for  as  the  joints  have  both  an  horizontal 
and  vertical  motion,  and  the  wires  pafs  through 
two  fpring  fockets,  they  may  therefore  be  placed 
in  any  direction,  and  the  balls  fixed  in  any  re- 
quired fituation.  Hence,  by  connecting  one 
wire  with  a pofitive  conductor,  and  the  other 
with  a negative  one ; or  one  with  the  bottom  of 
a Leyden  bottle,  and  the  other  with  the  elec- 
ti  ometer ; the  fliock  or  ftream  may  be  conveyed 
to  any  part,  with  the  greateft  facility.  It  is 
alfo  evident,  that  a perfon  may,  by  means  of  the 
two  joints  of  this  fimple  apparatus,  electrify 
himfelf  with  eafe,  (or  any  patient,  conveniently) 
without  the  afliftance  of  any  other  perfon ; that 
is,  he  may  turn  the  machine  with  one  hand, 
while  he  is  receiving  the  fluid,  or  the  Ihock,  by 
means  of  this  univerfal  difcharger.  But  this 
may  alfo  be  readily  effected,  by  fattening  a 
wire  to  one  of  the  conductors,  and  pinning  the 
other  end  of  it  to  one  extremity  of  the  part 
through  which  you  intend  to  pafs  the  fhock,  or 
convey  the  fluid  ; then  connect  a director  with 
the  other  conductor,  and  hold  it  to  the  other 
extremity  of  the  part.  If  the  fituation  is  fucfi 
• as 
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as  to  occaflon  the  wires  to  touch  the  table, 
pais  a fmall  glafs  tube  over  them,  which  will 
prevent  a diflipation  of  the  fire. 

/ 

ELECTRICITY  MAY  BE  APPLIED  MEDICALLY  IN 
THE  FOLLOWING  DIFFERENT  MODES. 

Firft,  Bv  merely  placing  the  patient  in  an 
infulated  chair,  and  connecting  him  with  the 
prime  conductor  ; when  the  machine  is  in  action, 
he  will  be  filled  with  the  electric  .fluid,  which 
will  be  continually  diflipated  from  the  points 
and  edges  of  his  cloaths  : and  though  the  effects 
of  this  are  probably  too  flow  to  be  rendered 
very  advantageous,  yet,  a fedentary  perfon 
might  perhaps  derive  fome  benefit  from  fitting 
in  an  infulated  chair,  having  before  him  an  in- 
fulated table  ; the  chair  to  be  connected  with 
the  ball  of  a large  charged  jar  or  battery,  by 
which  means  a fmall  quantity  of  the  fluid  will 
be  continually  pafling  through  thofe  innumerable 
capillary  veflels,  on  the  right  ftate  of  which  our 
health  fo  much  depends. 

2.  BY  THROWING  THE  FLUID  UPON,  OR  EX- 

I 

TRAC  TING  IT  FROM  A PATIENT,  BY  MEANS  OF 
1 A WOODEN  POINT. 

This  may  be  effected  in  a twofold  manner  : 
iff,  By  infulating  the  patient  and  connecting 
him  either  with  the  cufhion  or  the  pofitive 
. . ' prime 
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prime  conductor,  the  operator  preferring  the 
point.  2nd,  Let  the  patient  ftand  upon  the 
ground,  and  the  wire  of  the  director  be  connect- 
ed either  with  the  pofitive  or  negative  parts  of 
the  machine.  The  fenfation  produced  by  the 
fluid  when  acting  in  this  manner,  is  mild  and 
pleafing,  refembling  the  foft  breezes  of  a gentle 
wind  i generating  a genial  warmth,  and  promot- 
ing the  fecretion  and  diffipation  of  tumors,  in- 
flammations, &c. 

3.  BY  THE  ELECTRIC  FRICTION. 

Cover  the  part  to  be  rubbed  with  woollen 
cloth  or  flannel.  The  patient  may  be  feated  in 
an  infulated  chair,  and  rubbed  with  the  ball  of 
a director  that  is  in  contact  with  the  conductor : 
or  he  may  be  connected  with  the  conductor* 
and  rubbed  with  a brafs  ball  which  communi- 
cates with  the  ground.  The  friction  thus  pro- 
duced is  evidently  more  penetrating,  more  ac-" 
tive,  and  more  powerful  than  that  which  is 
communicated  by  the  fleffi  bruffi ; and  there 
is,  I apprehend,  very  little  fear  of  being 
thought  too  fanguine,  if  I aflert,-  that  this,  when 
ufed  but  for  a few  minutes,  will  be  found  more 
efficacious  than  the  other,  after  feveral  hours 
application.-  -Electricity  applies  here  with  pe- 
culiar 
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culiar  propriety  to  fpafm,  pleurify  and  fome 
itages  of  the  palfy,  and  in  every  cafe  anfwers  the 
end  of  bliftering  where  the  difcharge  is  not 
wanted,  being  the  moft  fafe  and  powerful  ftimu- 
lant  we  know. 


4.  BY  TAKING  STRONG  SPARKS  FROM  THE 

PATIENT.  ,» 

Here,  as  in  every  other  cafe,  the  operator  may 
connect  the  ball  of  the  diredlor  with  the  pofitive 
or  negative  conductor,  or  he  may  connedl  the 
patient  with  either  of  thele  and  the  ball  with  the 
ground  ; now  it  is  clear  from  what  has  been 
already  laid  down,  that  if  the  diredlor  be  con- 
nedted  with  the  pofitive  condudlor,  the  fluid  is 
thrown  upon  the  patient,  if  with  the  cufhion, 
the  fluid  is  extradled  from  him.  Let  the  patient 
. be  infulated,  and  the  adlion  is  in  fome  meafure 
reverfed ; if  he  is  joined  to  the  negative  con- 
dudlor or  cufhion,  he  will  receive  a fpark  from 
a perfon  {landing  on  the  floor,  but  if  he  com- 
municates with  the  pofitive  condudlor  he  will 
give  the  fpark  to  the  perfon  on  the  ground. 


5.  BY 
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5»  BY  CAUSING  A CURRENT  OF  THE  ELEC- 
TRIC FLUID  TO  PASS  FROM  ONE  PART  OF 
THE  BODY,  AND  THUS  CONFINING  AND  CON- 
CENTRATING ITS  OPERATION  WITHOUT 
COMMUNICATING  THE  SHOCK. 

Place  the  patient  in  an  infulated  chair,  and 
touch  one  part  of  the  body  with  a director,  join- 
ed to  a pofitive  conductor  ; then  with  a brafs  ball 
communicating  with  the  ground,  touch  another 
part,  and  when  the  machine  is  in  adion  the 
fluid  will  pafs  through  the  required  part,  from 
the  conductor  to  the  ball;  the  force  of  the 
ftream  will  be  different  according  to  the  ftrength 
of  the  machine,  Sec.  Or  conned:  one  diredor 
with  the  cufliion  and  the  other  with  the  pofi- 
tive condudor,  and  apply  thefe  to  the  part 
through  which  the  fluid  is  to  pafs,  and  when  the 
machine  is  in  adion  the  eledricity  will  pafs  from 
one  ball  to  the  other.  It  is  not  neceflary  to 
tnfulate  the  patient  in  this  cafe. 

6.  BY  THE  SHOCK. 

Which  may  be  given  to  any  part  of  the  human 
body,  by  introducing  that  part  of  the  body  into 
the  circuit  which  is  made  between  the  outflde 
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and  infide  of  the  bottle.  This  is  conveniently 
effedted,  by  connedting  one  director  by  a piece 
of  wire  with  the  eledtrometer,  and  the  other 
with  the  outfide  of  the  bottle ; then  hold  the 
diredtors  by  their  glafs  handles,  and  apply  the 
balls  of  them  to  the  extremity  of  the  parts 
through  which  the  fhocks  are  to  be  paffed. 
The  force  of  the  fhock,  as  we  have  already  ob- 
ferved,  is  augmented  or  diminished  by  increas- 
ing or  lelfening  the  diftance  between  the  two 
balls,  which  mult  be  regulated  by  the  operator 
to  the  ftrength  and  fenfibility  of  the  patient. 
When  the  little  bottle  with  the  glafs  tube  is 
ufed  as  a common  bottle  both  wires  are  to  be 
left  there,  and  the  fhock  is  communicated  by  two 
diredtors,  one  connedted  with  the  bottom,  the 
other  with  the  top  by  means  of  the  eledtro- 
meter.  (See  the  plate  facing  the  title-page  of 
this  effay).  The  operator  will  often  find  himfelf 
embarrafled  in  giving  finall  fhocks,  the  fluid 
palling  from  the  condudtor  to  the  ball  of  the 
eledtrometer,  inftead  of  going  through  the  cir- 
cuits he  defires : when  this  happens,  which  may 
be  known  by  the  chattering  noife  of  the  fpark 
in  palling  to  the  eledtrometer,  the  refinance 
formed  to  the  difcharge  is  fo  great  that  the  fluid 
cannot  force  its  way  through  the  circuit ; to 
remedy  this,  and  leflen  the  refinance,  pats  two 
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metallic  pins  through  the  clothing,  fo  that 
they  may  be  in  contaCt  with  the  fkin,  which 
will  leffen  the  reliftance  and  conduCt  the  fluid. 


1.  BY  A SENSATION  BETWEEN  A SHOCK  AND 
THE  SPARK,  WHICH  DOES  NOT  COMMUNI- 
CATE THAT  DISAGREEABLE  FEELING  AT- 
TENDING THE  COMMON  SHOCK. 

This  is  effected  by  taking  out  the  long  wire 
from  the  fmall  medical,  and  leaving  the  fhorter 
one  which  is  connected  with  the  tube  in  its 
place,  the  directors  to  be  connected  and  ufed 
as  before.  In  leffening  this  vibratory  fhock 
the  electrometer  may  be  drawn  to  a much 
greater  diftance ; for  the  rapidity  with  which 
the  charge  of  the  bottle  fends  forward  the 
charge  of  the  tube  is  furBcient  to  overcome 
the  refinance  of  a large  body  of  air.  The 
effeCt  of  this  fpecies  of  fhock,  if  it  may  be  call- 
ed one,  is  to  produce  a great  vibration  in  the 
mufcular  fibres,  without  inducing  that  pungent 
fenfation  which  the  fhock  eifeCts.  It  is  there- 
fore applicable  to  fome  ftages  of  palfy  and  rheu- 
matifm ; it  may  alfo  ferve  as  an  artificial  means 
of  exercife. 
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8.  BY  THE  BOTTLE  DIRECTOR. 

Infulate  the  patient,  and  place  the  ball  g in 
contadt  with  him,  by  which  means  this  diredtor  is 
charged.  Now  if  a wire  is  conveyed  from  the  bot- 
tom of  this  to  the  top  of  another  director,  the  bottle 
diredtor  Fig.  119,  PI.  V.  will  be  difcharged 
whenever  the  ball  h is  brought  in  contadt  with  the 
patient,  fo  that  by  bringing  it  down  with  rapi- 
dity any  number  of  fparks  may  be  procured  in  a 
minute.  Or  connedt  the  infulated  patient  with 
the  top  or  infide  of  a large  charged  jar,  and 
then  this  apparatus  ufed  in  the  foregoing  man- 
ner will  difcharge,  from  the  large  jar  at  each 
fpark,  its  own  contents,  and  by  repetition  dif- 
charge the  whole  jar;  thus  a number  of  fhocks 
may  be  given  without  continually  turning  the 
machine  or  employing  an  afiiftant. 

9.  BY  PASSING  THE  WHOLE  FLUID  CONTAINED 
IN  THE  LEYDEN  PHIAL  THROUGH  A DISEASED 
PART  WITHOUT  GIVING  THE  SHOCK. 

Connedt  a diredtor  by  means  of  a wire,  with 
the  ball  of  a Leyden  jar;  charge  the  jar  either 
completely  or  partially,  and  then  apply  the  ball 
or  point  of  the  condudtor  to  the  part  intended 
to  be  etedtrified,  and  the  fluid  which  was  con- 
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denfed  in  the  phial  will  be  thrown  on  the  part 
in  a denfe  How  flream,  attended  with  a pun- 
gent fenfation,  which  produces  a confiderable 
degree  of  warmth.  If  a wire  that  communi- 
cates with  the  ground  is  placed  oppofite  to  the 
end  of  the  director,  the  paffage  of  the  fluid  will 
be  rendered  more  rapid,  and  the  fenfation 
ftronger.  Or  infulate  the  patient,  connect  him 
with  the  top  of  a jar,  charge  this,  and  then  ap- 
ply a metal  wire  or  piece  of  wmod  to  the  part 
through  which  you  mean  to  make  the  fluid 

i 

pals.  It  is  obvious,  that  in  this  cafe  the  circuit 
between  the  infide  and  the  outfide  of  the  jar  is 
not  completed,  therefore  the  fhock  will  not  be 
felt.  The  condenfed  fluid  paffes  in  a denfe 
flow  ftream  through  the  required  part,  while 
the  outfide  acquires  a fufficient  quantity 
from  fubflances  near  it  to  reftore  the  equi- 
> librium. 

It  is  in  all  cafes  moft  advifable  to  begin  with 
the  more  gentle  operations*  and  proceed  gra- 
dually to  increafe  the  force,  as  the  ftrength  and 
conftitution  of  the  patient,  or  the  nature  of 
the  diforder  requires.  The  ftream  from  a wooden 
point,  a wooden  ball,  or  brafs  point,  may  be  firft 
ufed  i fparks,  if  neceffary,  may  then  be  taken,- 
or  fmall  fhocks  given. 


In 
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In  rheumatic  cafes,  the  electric  fridtion  is 
generally  ufed.  If  the  pains  are  local,  fmall 
fhocks  may  be  given.  To  relieve  the  tooth-ach, 
very  fmall  fhocks  may  be  palled  through  the 
tooth  ; or,  cover  the  part  affedted  with  flannel, 
and  rub  it  with  a diredtor,  communicating  with 
the  machine. 

In  inflammations,  and  other  diforders  of  the 
eyes,  the  fluid  fhouid  be  thrown  from  a wood- 
en point  : the  fenfation  here  produced  is  that 
of  a gentle  cooling  wind ; but,  at  the  fame 
time,  it  generates  a genial  warmth  in  the  part 
affedted. 

In  palfies,  the  eledtric  fridtion  and  fmall  fhocks 
are  adminiftered.  Streams  of  the  fluid  fhouid 
always  be  made  to  pafs  through  the  affedted 
part. 

The  only  treatife  we  have  yet  had  from  the 
Faculty,  on  the  fubjedt  of  Medical  Eledtricity, 
is  a pamphlet  intitled,  “ Confiderations  on  the 
Efficacy  of  Eledtricity  in  removing  Female  Ob- 
ftrudtions,”  by  Mr.  Birch  5 to  whom  I am  in- 
debted for  a variety  of  important  obfervations 
and  pradtical  remarks  on  the  different  branches 
of  eledtricity  j and  if  its  merits  were  to  be  con- 
fined to  this  difeafe  alone,  (in  which  it  may  be 
reckoned  a fpecific)  it  would  be  intitled  to  the 
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attention  of  practitioners ; but  we  have  realon  to 
expect  much  more  from  it,  fince  the  prejudices 
of  the  Faculty  feem  removed,  and  the  practice 
is  becoming  more  general  every  day. 
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CHAP.  XVI. 


MISCELLANEOUS  EXPERIMENTS  AND  OBSERVA- 
TIONS. 

H E difpnte  concerning  the  preferable 


utility  of  pointed  or  knobbed  conductors, 
for  fecuring  buildings  from  lightening,  occa- 
fioncd  the  fetting  up  a more  magnificent  appara- 
tus than  had  ever  appeared  before.  An  immenfe 
conductor  was  conftruCted,  at  the  expence  of 
the  Board  of  Ordnance,  and  fufpended  in  the 
Pantheon,  under  the  direction  of  Mr.  Wilfon. 
It  confifted  of  a great  number  of  drums,  cover- 
ed widi  tin-foil,  which  formed  a cylinder  of 
about  155  feet  in  length,  and  more  than  16 
inches  in  diameter;  and  to  this  vaft  conductor 
was  occafionally  added  4800  yards  of  wire. 
The  eleCtnc  blaft  from  this  machine  fired  gun- 
powder in  the  moft  unfavourable  circumftan- 
ces,  namely,  when  it  was  drawn  off  by  a fharp 
point.  The  method  of  doing  it  was  as  fol- 

1 

lows : upon  a ftaff  of  baked  wood  a (tern  of 
brafs  was  fixed,  which  terminated  in  an  iron 
point  at  the  top  ; this  point  was  put  into  the 
end  of  a fmall  tube  of  India  paper,  made  fome- 
what  in  the  form  of  a cartridge,  about  an  inch 
and  a quarter  long,  and  two  tenths  of  an  inch 
in  diameter,  when  the  cartridge  was  filled 
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with  common  gun-powder  unbruifed ; a wire, 
communicating  with  the  earth,  was  then  faft 
tened  to  the  bottom  of  the  brafs  ftem,  The 
charge  of  the  great  cylinder  being  continually 
kept  up  by  the  motion  of  the  wheel,  the  top 
of  the  cartridge  was  brought  very  near  the 
drums,  fo  that  it  frequently  touched  the  tin- 
foil  with  which  they  were  covered.  In  this  flot- 
ation, a fin  all,  faint,  luminous  ftream  was 
frequently  obferyed  between  the  top  of  the  car- 
tridge and  the  metal.  Sometimes  this  ftream 
would  fet  fire  to  the  gun-powder  the  moment  it 
was  applied j at  others,  it  would  require  half  a 
minute  or  more  before  it  took  effedt.  This  dif- 
ference in  time  was  fuppofed  to  be  owing  to 
fome  fmall  degree  of  moifture  in  the  powder, 
or  the  paper. 

Gun-powder  may  alfo  be  fired  by  a ftream 
from  a large  charged  Leyden  jar,  in  the  follow^ 
ing  manner: 

EXPERIMENT  CCXIV. 

Fix  a fmall  cartridge  on  a metallic  point, 
which  is  fitted  to  a wooden  or  glafs  handle ; 
make  a communication  from  the  wire  to  the 
ground,  then  prefent  the  cartridge  to  the  knob 
of  the  phial,  and  the  gun-powder  will  be  fired 
by  the  paflage  of  the  eledtric  ftream  through 

the 
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the  cartridge.  Tinder,  or  touch-wood,  placed 
in  a metal  cup,  may  be  lighted  by  palling 
the  ftream  from  the  infide  of  the  jar  through 
them,  as  in  the  foregoing  experiment,  without 
completing  the  circuit. 

As  it  therefore  appears,  that  the  ele£tric  fluid, 
when  it  moves  through  bodies,  either  with  great 
rapidity,  or  in  great  quantities,  will  fet  them 
on  fire,  it  is  fcarce  difputable,  that  this  fluid  is 
the  fame  with  the  element  of  fire, 

EXPERIMENT  CCXV. 

To  fire  the  fmall  ele£trical  cannon,  charge  it 
with  gun-powder  in  the  ufual  manner,  then 
fill  the  ivory  touch-hole  with  gun-powder, 
ram  it  well  down,  and  pufh  the  brafs  pin  down, 
fo  that  the  end  of  it  may  be  near  the  bottom  of 
the  hole;  make  a communication  between  the 
outfide  of  a large  charged  jar  or  battery  and 
the  body  of  the  cannon,  by  placing  one  end  of 
the  difeharging  rod  on  the  pin  which  pafles 
down  the  touch-hole,  and  bring  the  other  end 
to  the  knob  of  the  jar,  and  the  difeharge  will 
fiie  the  powder. 

EXPERIMENT  CQXVI. 

Fig.  89  is  a perfpedlive  view  of  the  powder- 
houfe  ; the  fide  of  the  roof  next  the  eye  being 
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omitted,  that  the  infide  may  be  more  conveni- 
ently fecn.  The  front  of  this  model  is  fitted 
up  like  the  thunder-houfe,  and  is  ufed  in  the 
fame  manner ; the  fides  of  the  houfe,  the  back, 
and  fore-front,  are  joined  to  the  bottom  by 
hinges ; the  roof  is  divided  into  two  parts, 
which  are  alfo  faftened  by  hinges  to  the  fides ; 
the  building  is  kept  together  by  a ridge  on  the 
roof;  when  the  roof  is  blown  up,  it  will  fall 
down  with  the  fides,  the  back,  and  fore-front. 
To  ufe  this  model,  fill  the  fmall  tube  a with 
gun-powder,  and  ram  the  wire  c a fmall  way  in 
the  tube,  then  conne£f  the  hook  e with  the  bot- 
tom of  a large  jar  or  battery;  when  the  jar  is 
charged,  form  a communication  from  the  hook 
d to  the  top  of  the  jar;  the  difeharge  will  fire 
the  powder,  and  the  explofion  of  the  gun-powder 
will  throw  off  the  roof,  and  the  fides,  the  fore 
and  back  fronts  will  then  all  fall  down. 

Fig.  90  reprefents  a wooden  pyramid,  de- 
iigned  to  fliew  the  experiments  which  are  made 
with  the  thunder-houfe,  and  is  ufed  in  the 
fame  manner.  When  the  piece  a is  thrown 
out  by  the  difeharge,  the  upper  part  of  the 
pyramid  falls  down. 
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Experiment  ccxvii. 

Fix  the  ladle  I,  fig,  33,  into  a hole  at  the 
end  of  the  conductor.  Place  a broad  piece  of 
camphor  in  the  ladle,  fet  the  upper  furface  of 
the  camphor  on  fire,  let  jt  burn  fome  time, 
then  extinguifh  it,  and  put  the  machine  in  ac- 
tion ; the  upper  furface  of  the  camphor  will 
throw  out  a variety  of  fmall  lhoots,  and  have 
the  appearance  of  an  imperfe6t  vegetation,  which 
is  foon  difperfed  in  the  air  if  the  machine  i? 
continued  in  a&ion,  but  will  laid  fome  time  if 
the  ele6lrization  is  flopped  as  foon  as  the  fhgot- 
ing  of  the  camphor  has  taken  place, 

9 

experiment  ccxviii. 

Wrap  fome  loofe  cotton,  which  has  been  pre- 
vioufiy  rolled  in  fine  powder  of  yellow  refin, 
round  one  of  the  balls  of  a dilcharging  rod, 
and  hold  the  other  end  to  the  outer  coating  of 
a charged  jar}  then  bring  the  knob  with  the 
refin  towards  the  ball  of  the  jar,  and  the  ex-, 
plofion  will  fire  the  refin,  and  this  will  com- 
municate the  flame  to  the  cotton. 

Fig.  91  reprefents  the  inflammable  air  lamp, 
invented  by  Mr.  Volta.  A is  a glafs  globe  to 
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contain  the  inflammable  air,  B a glafs  bafon,  or 
relervoir,  to  hold  water  j D is  a cock,  which  is 
to  form  occafionally  a communication  between 
the  refervoir  of  water  B,  and  that  of  air  A ; 
the  water  pafles  into  the  latter  through  the  me- 
tal pipe  g g,  which  is  fixed  to  the  upper  part 
of  the  refervoir  A : at  s is  a fmall  cock,  to  cut  off, 
or  open  a communication  with,  the  air  in  the 
ball,  and  the  jet  K.  N is  a fmall  pipe  to  hold 
a piece  of  wax  taper,  L,  a brafs  pillar,  on  the 
top  of  which  is  a brafs  ball ; a is  a pillar  of 
glafs,  furniflied  at  top  with  a focket ; a wire  b 
Hides  in  this  focket,  a ball  is  fcrewed  on  to  the 
end  of  the  wire.  F is  a cock,  by  which  the  ball  A 
is  filled  with  inflammable  air,  and  which  after- 
wards ferves  to  confine  the  air  and  the  water  that 
falls  from  the  bafon  B into  the  ball  A. 

To  ufe  this  inftrument,  after  having  filled 
the  refervoir  A with  pure  inflammable  air,  and 
the  bafon  with  water,  turn  the  cocks  D and 
S,  and  the  water  which  falls  from  the  bafon  B 
will  force  out  fome  of  the  inflammable  air,  and 
caufe  it  to  pafs  through  the  jet  K into  the  air. 
If  an  ele&ric  fpark  is  made  to  pafs  from  the 
brafs  ball  m to  the  brafs  ball  tf,  the  inflammable 
jet,  which  pafles  through  the  pipe  K,  will  be 
fired.  To  extinguifh  the  lamp,  fliut  firft  the 
cock  S,  and  then  the  cock  D. 
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To  fill  the  refervoir  Aawith  inflammable  air, 
which  is  to  be  made  in  the  ufual  manner,  and 
with  the  ufual  apparatus,  having  previoufly 
filled  A with  water,  place  the  foot  R under 
water,  on  a board  or  ftool  in  a large  tub  of 
water,  that  the  bent  glafs  tube,  through  which 
the  inflammable  air  pafies,  may  pafs  commodi- 
oufly  under  the  foot  of  the  lamp;  when  the 
air  has  nearly  driven  out  all  the  water,  turn  the 
cock  F,  and  the  apparatus  is  ready  for  ufe. 
This  inftrument  is  convenient  to  preferve  a 
quantity  of  inflammable  air  ready  for  any  oc- 
cafional  experiment,  as  charging  the  inflam- 
mable air  piftol,  &c.  It  is  alfo  convenient  to 
light  a candle  for  ceconomical  purpofes,  as  the 
fmalleft  fpark  from  an  eledtrophorus,  or  a 
fmall  bottle,  is  fufficient  to  fire  the  air. 

A fmall  battery  of  inflammable  air  piftols  is 
occafionally  made,  that  affords  confiderable 
amufement ; as  either  one  piftol,  or  the  whole 
together,  may  be  fired  at  the  pleafure  of  the 
operator. 

The  following  experiment  was  made  by  Mr. 
Kinnerfly  with  his  eledtrical  thermometer,  which 
. is  defcribed  in  page  42  of  this  Efiay. 
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EXPERIMENT  CCXIX. 

Having  put  Tome  tinged  water  into  the  large 
tube,  he  placed  the  two  wires  within  the  tube 
in  contact,  and  paffed  a large  charge  of  electri- 
city from  above  thirty  fquare  feet  of  coated 
glafs,  which  produced  no  rarefaction  in  the  air, 
and  fhewed  that  the  wires  were  not  heated  by 
the  fire  palling  through  them.  When  the 
wires  were  about  two  inches  afunder,  the  charge 
of  a three-pint  bottle,  darting  from  one  to  the 
other,  rarified  the  air  very  evidently.  The 
charge  of  ajar,  which  contained  about  five  gal- 
lons and  a half,  darting  from  wire  to  wire,  oc- 
cafioned  a very  confiderable  expanfion  in  the 
air ; and  the  charge  of  a battery  of  thirty  fquare 
feet  of  coated  glafs  would  raife  the  water  in 
the  fmall  tube  quite  to  the  top  : upon  the  eo- 
alefcing  of  the  air,  the  column  of  water  inflantlv 
fubfided,  till  it  was  in  equilibrio  with  the  rare- 
fied air  j then  gradually  defeending  as  the  air 
cooled,  fettled  where  it  flood  before.  By  care- 
fully obferving  at  what  height  the  defeending 
water  firfl  flopped,  the  degree  of  rarefeflion 
might  be  eafily  difeovered. 
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EXPERIMENT  CCXX. 

Take  a glafs  tube,  about  four  inches  long, 
one  quarter  of  an  inch  in  diameter,  and  open 
at  both  ends ; moiften  the  infide  of  the  tube 
with  oil  of  tartar  per  deliquium,  then  fix  two 
pieces  of  cork  into  the  ends  of  the  tube,  and 
pals  a wire  through  each  cork,  fo  that  the  ends 
of  the  wires  which  are  within  the  tube  may 
be  about  three  quarters  of  an  inch  afunder. 
Connett  one  wire  with  the  outfide  coating  of  a 
large  jar,  and  form  a communication  from  the 
other  to  the  ball  of  the  jar,  fo  as  to  pafs  the 
difcharge  through  the  tube;  repeat  this  feveral 
times  and  the  oil  of  tartar  will  very  often  give 
manifeft  figns  of  cryftalization 


EXPERIMENT  CCXXl. 

Charge  a Leyden  phial,  (the  top  of  which 
is  cemented  into  the  bottle)  place  it  upon  an 
infulated  Hand,  and  then  take  held  of  it  by  the 
ball,  and  prefent  the  coated  furface  towards  the 
condenfmg  ball  of  a prime  conductor  while  the 

( 1 

, * Cavallc  on  Medical  Eleftrtehr,  p.  117. 
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cylinder  is  charging,  and  a large  brufh  and 
fpark  will  pafs  between  the  coating  of  the  bot- 
tle and  the  ball  of  the  condu£tor,  from  four  to 
twelve  inches  and  upwards  in  length. 


experiment  ccxxii. 

Take  fome  of  the  powder  of  Canton’s  phof- 
phorus,  and  by  means  of  a little  fpirit  of  wine, 
flick  it  all  over  the  infide  of  a clean  glafs  phial, 
then  flop  the  bottle,  and  keep  it  from  the  light. 
To  illuminate  this  phofphorus,  draw  feveral 
flrong  fparks  from  the  conductor,  keeping  the 
phial  about  two  or  three  inches  from  the  fparks, 
fo  that  it  may  be  expofed  to  their  light ; the 
phial  will  afterwards  appear  luminous,  and  re- 
gain fo  for  a confiderable  time. 


EXPERIMENT  CCXXIII. 

Cut  out  in  pafleboard  or  foft  wood,  the 
figure  of  a crefcent  or  any  of  the  planets ; cover 
this  equally  with  the  white  of  an  egg  beat  up 
till  it  is  quite  fmooth,  over  which  fift  the 
phofphorus  through  a fine  lawn  fieve,  then 
let  it  dry,  and  blow  off  all  that  is  not  fixed 
by  the  egg.  To  make  the  experiment,  place 

the 
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the  objeCt  in  the  communication  between  two 
directors,  and  difcharge  the  jar,  when  the  whole 
will  become  beautifully  luminous,  care  mud: 
however  be  taken  to  hold  the  directors  at  a 
little  diftance  above  the  phofphorus,  for  if  it 
pafles  through  it,  the  whole  of  the  powder  in 
the  track  of  the  fluid  will  be  torn  off. 

Place  a fmall  key  on  the  phofphorus,  and 
difcharge  a Leyden  phial  over  the  phofphorus, 
and  then  throw  the  key  off  from  it,  and  when 
it  is  exhibited  in  the  dark,  the  form  of  the  key 
and  all  its  wards  will  be  perfe&ly  feen. 

As  the  experiments  on  phofphorus  are  in 
themfelves  exceedingly  curious,  and  appear  to 
me  to  be  intimately  connected  with  the  nature 
of  electricity,  I hope  I fliall  not  be  thought  to 
have  deviated  too  far  from  the  fubjedt  of  this 
eflay  by  introducing  fome  experiments  of  Mr. 
Wilfon  on  this  fubject ; the  more  fo,  as  the 
producing  the  prifmatic  colours  is  by  no  means 
difficult,  as  little  more  is  required  than  a few 
oyfter-ffiells,  and  a good  fire  of  any  kind.  For,  if 
thofe  ffiells  are  thrown  carelefsly  into  the  middle 
of  the  fire,  and  continued  there  for  aproper  time, 
(which  may  be  from  ten  minutes,  a quarter,  half, 
or  three  quarters  of  an  hour,  according  to  the 
thicknefs  and  compaCtnefs  of  the  fhells,  and  the 
degree  of  fire  they  are  expofed  to)  they  will  ex- 
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hibit  lively  prifmatic  colours,  after  they  are  re- 
moved from  the  fun  into  the  dark  fuddenly,  and 
the  eyes  have  been  previoufly  prepared  a little 
to  receive  them.  Mr.  Wilfon  excited  alfo  the 
light  of  thefe  fhells  with  electricity  in  the  fol- 
lowing manner. 


EXPERIMENT  CCXXIV. 

He  placed  upon  a metal  Hand,  which  was 
rounded  at  top,  and  about  half  an  inch  in  dia- 
meter, a prepared  fhell,  that  would  exhibit  the 
prifmatic  colours  very  lively  on  the  upper  fur- 
face  of  this  fhell,  and  near  the  middle,  where 
the  colour-making  parts  predominated,  he 
brought  the  end  of  a metal  rod,  and  then  con- 
nected the  two  metals  properly  with  the  coat- 
ings of  a charged  phial,  in  order  to  difcharge 
the  fluid.  In  this  circuit  there  was  left,  de~ 
fignedly,  an  interval  of  about  three  inches,  un- 
occupied by  metal,  and  next  one  fide  of  the 
glafs ; the  difcharge  vras  made  by  compleating 
the  circuit  with  metal  where  the  interval  was 
left.  The  fnell,  at  that  inftant,  was  lighted  up 
to  an  exceeding  great  advantage,  fo  that  all  the 
colours  appeared  perfeClly  diftinCt,  and  in  their 
refpeCHve  places,  anfwering  to  their  different 

colour- 
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colour-making  parts.  Thefe  colours  continued 
vifible  feveral  minutes,  and  when  they  ceafed  to 
appear,  a white  purplilh  light  occupied  their 
places,  which  lalled  for  a confiderable  time. 
And  notwithftanding  this  experiment  was  re- 
peated with  the  fame  and  other  {hells,  the  colours 
continued  in  their  refpedtive  places,  and  nearly 
of  the  fame  degree  of  brilliancy  ■,  excepting,  that 
in  or  near  thofe  parts  where  the  explofion  took 
place  a few  feales  were  driven  off; 

EXPERIMENT  CCXXV. 

V 

Which  proves,  that  bodies  of  the  fame  na- 
ture, but  of  different  volumes  and  different 
maffes,  are  charged  with  eledtrical  matter  only 
in  proportion  to  their  furface,  without  any  in- 
fluence or  concurrence  of  their  maffes  in  this 
cafe. 

The  following  experiment,  which  we  fhall 
give  in  Mr.  Achard’s  own  words,  feems  to  de- 
cide this  queftion,  on  which  philofophers  have 
entertained  very  different  opinions.. 

I eledtrified  (fays  he)  a cylindrical,  hollow 
brafs  conductor,  feven  inches  long,  and  one 
and  a half  in  diameter : when  it  had  acquired 
forty  degrees  of  eledtricity,  I drew  from  it  a 
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fpark,  with  a conductor  of  hollow  brafs,  of  feven 
inches  long,  and  one  and  a half  in  diameter, 
which  weighed  eight  ounces,  and  was  carefully 
infulated.  The  firft  conductor  loft  fifteen  de- 
grees of  its  electricity.  I repeated  the  fame  ex- 
periment, vvhen  the  conductor  had  thirty  de- 
grees of  eleCtricity,  and  then  it  loft  ten  degrees. 
Finally,  when  the  condu&or  had  twenty  de- 
grees of  eleCtricity,  it  loft  only  feven  by  its  in- 
ftantaneous  contact  with  the  fame  cylinder. 
After  having  filled  this  cylinder  with  lead, 
which  produced  an  addition  of  five  pounds  to  its 
, weight,  and  confequently  to  its  mafs,  I repeated 
the  fame  experiments,  and  obtained  from  them 
the  very  fame  refults. 

This  is  followed  by  other  experiments,  which 
are  a farther  confirmation  of  Mr.  Achard’s 
opinion. 

Thefe  experiments  flhew,  ift.  That  bodies 
of  an  equal  furface,  but  different  in  mafs,  when 
they  are  placed  in  the  fame  circumftances,  arc 
charged  with  an  equal  quantity  of  electrical 
matter  ; and  idly,  That  bodies  equal  in  mafs, 
but  different  in  extent  of  furface,  when  they 
are  placed  in  fimilar  circumftances,  are  charg- 
ed with  an  unequal  quantity  of  electrical  mat- 
ter, and  that  the  body,  whofe  furface  is  larger, 
receives  more  than  that  whofe  furface  is  lefs. 

Therefore, 
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Therefore,  it  is  in  proportion  to  their  furfaces, 
and  not  to  their  mafs,  that  bodies  are  charged 
with  a greater  or  leis  quantity  of  the  eledtrical 
fluid. 

Before  thefe  experiments  were  made  it  had 
been  obferved,  that  the  extreme  fubtilty,  and, 
in  mod  cafes,  invifibility  of  the  eledtric  fluid, 
render  all  reafoning  about  its  motion  precarious. 
It  is  however  incredible,  that  this  fluid  fhould 
pals  through  the  very  fubftance  of  metallic  bo- 
dies, and  not  be  retarded  by  their  folid  parti- 
cles. In  thofe  cafes,  where  the  folid  parts  of 
metals  are  evidently  penetrated,  i.  e.  v/hen 
wires  are  exploded,  there  is  a manifeft  refift- 
ance,  for  the  parts  of  the  wire  are  fcattered 
about  with  violence  in  all  directions. 

The  like  happened  in  Dr.  Prieftley’s  circles, 
made  on  fmooth  pieces  of  metal.  Part  of  the 
metal  was  alfo  difperfed  and  thrown  off,  for  the 
circular  fpots  were  compofed  of  little  cavities. 
If  therefore  the  fluid  was  difperfed  throughout 
the  fubftance,  and  not  over  the  furface  of  the 
metal,  it  is  plain,  that  a wire,  whofe  diameter  is 
equal  to  one  of  thofe  circular  fpots,  ought  alfo 
to  have  been  deftroyed  by  an  explofion  of  equal* 
ftre-ngth  fent  through  it  3 whereas,  a wire,  whofe 
diameter  is  equal  to  one  of  thofe  fpots,  would 
without  injury  condudt  a fhock  much  greater 
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than  any  battery  hitherto  conftrufted  could 
give.  It  is  molt  probable,  therefore,  that 
though  violent  flafhes  oft  eieftri city,  which  aft 
alfo  as  fire,  will  enter  into  the  fubftance  of  me- 
tals and  confume  them,  yet  it  immediately  dif- 
perfes  itfelf  over  their  furface,  without  enter- 
ing their  fubftance  any  more,  till  being  forced 
to  colleft  itfelf  into  a narrow  compafs,  it  again 
afts  as  fire. 

In  many  cafes  the  eleftric  fluid  will  be  con- 
dufted  very  well  by  metals  reduced  to  a mere 
furface.  A piece  of  white  paper  will  not  con- 
duft  a fhock,  without  being  torn  to  pieces,  as 
it  is  an  eleftric  fubftance ; but  a line  drawn  on 
it  with  a black  lead  pencil  will  fafely  convey 
the  charge  of  feveral  jars.  It  is  impoftible  we 
can  think,  that  the  fire  here  paftes  through  the 
substance  of  the  black  lead  ftroke ; itmuft  run 
over  its  furface ; and  if  we  confider  fome  of 
the  properties  of  metals,  we  fhall  find  that  there 
is  great  reafon  to  fuppofe  that  their  condufting . 
power  lies  at  their  furface. 

Fig.  92  reprefents  a fmall  glafs  tube,  ftopped 
at  one  end  with  a piece  of  cork ; k is  a wire 
which  paftes  through  a piece  of  cork,  fitted  into 
the  other  end  of  the  tube  ; the  upper  part  of 
the  wire  is  furniftied  with  a brafs  ball  the  end 
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of  the  wire  within  the  tube  is  bent  at  right  an- 
gles to  the  reft  of  the  wire. 


EXPERIMENT  CCXXVI. 

Take  out  the  upper  cork  and  wire;  pour 
fome  fallad  oil  into  this  tube,  and  then  fit  in 
the  cork,  and  pufh  down  the  wire,  fo  that 
the  end  of  it  may  be  near  or  rather 
below  the  furface  of  the  oil ; prefenc  the 
ball  towards  a prime  conductor,  holding  the 
finger  or  any  other  non-condu£tor  oppolite  the 
bent  end  of  the  wire,  and  when  a fpark  paftes 
from  the  conductor  to  the  brafs  ball,  another 
will  pafs  from  the  end  of  the  wire,  and  pei  fo  - 
rate  the  glafs  ; the  oil  will  be  curioufiy  agita- 
ted. 

This  experiment  appears  more  beautiful 
when  it  is  made  in  the  dark.  After  the  6 
hole  is  made,  turn  the  end  of  the  w'- 
towards  another  part  of  the  glafs  tul 
fecond  hole  may  be  made  in  the  fame 
This  experiment  was  communicated  to 
the  Rev.  Mr.  Morgan,  of  Norwich*  v 
carried  it  much  farther,  by  filling  fmad 
with  cement,  and  then  paffing  the  fhoc 
fimilar  mode  through  them.  The  pern 
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may  be  made  with  water  in  the  tube  inftead  of 
oil. 

Mr.  Lullen  produces  very  confiderable  effedts 
by  paifing  the  fhock  through  wires  that  were 
inferted  in  tubes  filled  with  oil.  The  fpark 
appears  larger  in  its  paflage  through  oil,  than 
w'hen  it  paffes  through  water. 

Mr.  Vilette  filled  a difh  of  metal  with  oil, 
and  when  he  had  eledtrified  the  difh,  he  plunged 
a needle  into  the  oil,  and  received  a very  ftrong 
fpark  as  foon  as  the  point  of  it  came  within  a 
lrnall  diftance  of  the  difh.  A fmall  cork  ball 
being  made  to  fwim  in  this  oil,  upon  the  ap- 
proach of  the  thick  end  of  the  ftalk  of  a lime, 
it  plunged  to  the  bottom,  and  immediately  rofe 
up  again. 

• j 

Analogous  to  this  experiment  of  Mr.  Mor- 
gan are  fome  obfervations  of  Dr.  Prieftley, 
who  conftantly  found,  that  \vhenever  he  had 
covered  the  fradtured  place  of  a jar  with  any 
kind  of  cement  or  varnifh,  it  always  broke  at 
the  place  where  the  cement  terminated ; there 
the  glafs  was  perforated,  and  a new  fradture 
was  made,  which  had  no  communication  with 
the  former.  The  jar  always  broke  at  the  firfl 
charge,  generally  before  it  had  received  half 
its  charge.  Struck  with  this  phenomenon,  the 
Podtcr  proceeded  to  try  the  experiment  on  a 

jar 
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jar  which  was  not  broken,  and  whofe  ftrength  he 
had  previoufly  afcertained  by  repeated  difcharges: 
he  took  off  a little  of  the  outfide  coating,  and 
put  on  the  glafs  a patch  of  cement,  about  an 
inch  in  diameter,  then  drawing  the  coating  over 
it,  he  charged  the  jar,  but  before  it  had  receiv- 
ed half  its  charge,  it  burft  by  a fpontaneous  ex- 
plofion,  not  indeed  at  the  termination,  but  at 
the  middle  of  the  patch  of  cement,  where  the 
glafs  was  thinneft.  He  covered  another  entirely 
with  cement,  and  it  broke  near  the  bottom, 
where  the  glafs  is  generally  thickeft.  A jar 
that  was  covered  entirely  both  infide  and  outfide 
with  cement,  and  then  coated  with  tin-foil, 
burft  at  the  very  firft  attempt  to  charge  it. 


EXPERIMENT  CCXXVII. 

The  magic  picture  is  a coated  pane  of  glafs, 
proper  to  anfwer  the  purpofe  of  the  Leyden  ex- 
periment * over  the  coating  on  one  fide  is  pafted 
a pidlure,  on  the  other  fide  a piece  of  white 
paper  is  pafted,  fo  as  to  cover  the  whole  glafs ; 
it  is  then  put  into  a frame,  with  the  picture 
uppermoft,  and  a communication  is  formed 
from  the  tin-foil  of  the  under  fide  to  the  bottom 

rail 


362  AN  ESSAY  ON 

rail  of  the  frame  of  the  pi&ure,  which  rail  is 
covered  with  tin-foil. 

Lay  the  pidture  on  the  table,  with  the  print 
uppermoft,  and  apiece  of  money  on  it;  let  a 
chain  fall  from  the  conductor  to  the  print,  turn 
the  cylinder,  and  the  plate  of  glafs  will  foon 
be  charged ; now  take  hold  of  the  pidture  by 
the  top  rail,  and  let  another  perfon  take  hold 
of  the  bottom  rail  and  endeavour  to  take  off 
the  piece  of  money;  in  doing  this  they  will 
receive  a fhock,  and  generally  fail  in  the  at- 
tempt. 


EXPERIMENT  CGXXVTII. 

Put  a quantity  of  brafs  duft  into  a coated 
jar,  and  when  it  is  charged  invert  it,  and  throw 
fome  of  the  duft  out,  which  will  be  fpread  in 
an  equable  and  uniform  manner  on  any  Hat 
furface,  and  fall  juft  like  rain  or  fnow.  May 
it  not  be  queftioned,  fays  an  ingenious  writer, 
whether  water,  falling  from  the  higheft  region 
of  the  clouded  atmofphere,  would  not  meet 
the  earth  in  much  larger  drops,  or  in  cataradts, 
if  the  coalefcing  power  of  the  drops  was  not 
counteracted  by  their  electric  atmofpheres  ? 
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EXPERIMENT  CCXXIX. 

Place  a piece  of  fmoking  v/ax-taper  on  the 
prime  conductor;  turn  the  cylinder ; the  volume 
of  lmoke  will  become  more  contracted,  and 
its  motion  upward  accelerated.  Take  off  the 
eleCtricity  of  the  conductor,  and  fufpend  a pair 
of  pith  balls  over  it,  and  about  five  feet  dis- 
tance from  it,  turn  the  machine,  and  in  a few 
feconds  the  balls  will  open  half  an  inch  ; re- 
move the  taper,  and  the  balls  will  not  fe- 
parate. 

This  experiment,  therefore,  clearly  evinces, 
that  fmoke  is  a conductor  of  eleCtricity. 

. * • -A 

EXPERIMENT  CCXXX. 

Take  a round  board,  well  varnifhed,  and  lay 
on  it  a chain  in  a fpiral  form ; let  the  interior 
end  of  the  chain  pafs  through  the  board,  and 
conneCt  it  with  the  coating  of  a large  jar  ; fix 
the  exterior  end  to  a difcharging  rod,  and  then 
difcharge  the  jar  ; a beautiful  fpark  will  be 
feen  at  every  link  of  the  chain.  The  illumina- 
tions to  be  produced  by  a chain  are  capable  of 
an  infinite  variety  of  modifications. 
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EXPERIMENT  CCXXXI. 


Place  fpots  of  tin-foil,  at  equal  diftances 
from  each  other,  on  a piece  of  bent  glafs,  and 
let  the  ends  of  the  glals  be  furnifhed  with  brafs 
balls,  and  a glafs  handle  be  fixed  to  the  middle 
of  the  bent  glafs.  The  inftrument  will  ferve 
as  a difcharger,  and  at  the  fame  time  exhibit, 
at  each  feparation  of  the  tin-foil,  the  ele&ric 
light. 

I made  feveral  of  thefe  luminous  difcharging 
rods,  many  years  fince,  in  order  to  fhew,  that 
the  ele&ric  fluid  iflues  from  the  negative  and 
pofitive  coating  of  each  difcharge,  agreeable  to 
the  idea  conveyed  by  Mr.  Atwood’s  experi- 
ments ; fee  Exp.  cxx,  cxxi,  cxxir,  of  this  Effay, 
But  I foon  found,  that  the  circuit  of  a difcharg- 
ing rod  was  not  fufficiently  extenflve  for  the 
purpofe. 


experiment  ccxxxii. 

Fig.  98  reprefents  feveral  fpiral  tubes,  placed 
round  a board ; a glafs  pillar  is  fixed  to  the 
board,  and  on  this  pillar  is  cemented  a metal 
cap,  carrying  a fmall  Heel  point  j a brafs  wire, 

furnifhed 
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furnifhed  with  a ball  at  each  end,  and  nicely 
balanced,  is  placed  on  this  point : place  the 
middle  of  this  wire  under  a ball  proceeding 
from  the  conductor,  fo  that  it  may  receive 
a continued  fpark  from  the  ball,  then  give  the 
wire  a rotative  motion,  and  the  balls  in  revolving 
will  give  a fpark  to  each  ball  of  the  fpiral  tube, 
which  will  be  communicated  from  thence  to 
the  board ; forming,  from  the  brilliancy  of  the 
light  and  its  rapid  motion,  a very  pleafing  experi- 
ment. 

All  thefe  experiments  on  the  interrupted 
fpark  may  be  pleafingly  and  beautifully  varied, 
and  the  fpark  made  to  appear  of  different  co- 
lours, at  the  pleafure  of  the  operator. 


EXPERIMENT  CCXXXIII. 

Sufpend  a light  cork  ball,  which  is  covered 
over  with  tin-foil  or  gold-leaf,  by  a pretty  long 
filk  thread,  fo  as  juft  to  touch  the  knob  of  a 
charged  jar  placed  on  a table;  it  will  be  firft 
attracted  and  then  repelled  to  fome  diftance, 
where,  after  a few  vibrations,  it  will  remain 
at  reft.  If  a lighted  candle  is  now  placed  at 
fome  diftance  behind  it,  fo  that  the  flame  of 
the  candle  may  be  nearly  as  high  as  the  knob 

of 
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of  the  phial,  the  cork  will  inftantly  be  agitated, 
and,  after  borne  irregular  motions,  will  defcribe 
a curve  round  the  knob  of  the  phial,  and  this  it 
will  continue  to  do  for  fome  time. 

Fig.  96  and  97  reprefent  an  ele&rometer, 
nearly  fimilar  to  that  contrived  by  Mr.  Brooke. 
The  two  inftruments  are  fometimes  combined 
in  one,  or  ufed  feparately,  as  in  thefe  figures. 
The  arms  F H f k,  fig.  97,  when  in  ufe,  are 
to  be  placed  as  much  as  poffible  out  of  the  at- 
mofphere  of  a jar,  battery,  prime  conduftor, 
&c.  The  arm  F H and  the  ball  K are  made 
of  copper,  and  as  light  as  pofiible.  The  divi- 
fions  on  the  arm  F H are  each  of  them  exactly 
a grain.  They  are  afcertained  at  firft  by  placing 
grain  weights  on  a brafs  ball  which  is  within 
the  ball  L,  (this  ball  is  an  exa£t  counterbalance 
to  the  arm  F H and  the  ball  K when  the  fmall 
Hide  r is  at  the  firft  divifion)  and  then  remov- 
ing the  Aide  r till  it,  together  with  the  ball  K, 
counterbalances  the  ball  L and  the  weight  laid 
on  it. 

A,  fig.  69,  is  a dial-plate,  divided  into  90 
equal  parts.  The  index  of  this  plate  is  carried 
once  round,  when  the  arm  B C has  moved 
through  90  degrees,  or  a quarter  of  a circle/ 
That  motion  is  given  to  the  index  by  the  repuF 

five 
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five  power  of  the  charge  acting  between  the  ball 
D and  the  ball  B *. 

The  arm  B C being  repelled,  fliews  when 
the  charge  is  increafing,  and  the  arm  F H 
fliews  what  this  repulfive  power  is  between  two 
balls  of  this  flze  in  grains,  according  to  the 
number  the  weight  refts  at  when  lifted  up  by 
the  repulfive  power  of  the  charge : at  the  fame 
time  the  arm  B C points  out  the  number  of  de- 
grees to  which  the  ball  B is  repelled  fo  that 
by  repeated  trials,  the  number  of  degrees,  an- 
fwering  to  a given  number  of  grains,  may  be 
afcertained,  and  a table  formed  from  thefe  ex- 
periments, by  which  means  the  electrometer, 
fig.  96,  may  be  ufed  without  that  of  fig.  97. 

Mr.  Brooke  thinks  that  no  glafs,  charged  (as 
we  call  it)  with  electricity,  will  bear  a greater 
force,  than  that  whofe  repulfive  power,  between 
two  balls  of  the  fize  he  ufed,  is  equal  to  fixty 
grains  : that  in  very  few  inftances  it  will  ftand 
fixty  grains  weight ; and  he  thinks  it  hazard- 
ous to  go  more  than  forty- five  grains. 

Hence,  by  knowing  the  quantity  of  coated 
furface,  and  the  diameter  of  the  balls,  we  may 
be  enabled  to  fay,  fo  much  coated  furface,  with 
a repulfion  between  balls  of  fo  many  grains, 

'*  Philofophical  Transitions,  Vol.  82,  p.  384. 
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will  melt  a wire  of  fuch  a fize,  or  kill  fuch  ari 
animal,  &c. 

Mr.  Brooke  thinks,  that  he  is  not  acquaint- 
ed with  all  the  advantages  of  this  electrometer ; 
but  that  it  is  clear,  it  fpeaks  a language  which 
may  be  univerfally  underftood,  which  no  other 
will  do ; for  though  other  electrometers  will 
fhew  whether  a charge  is  greater  or  lefs,  by  ail 
index  being  repelled  to  greater  or  fmaller  dis- 
tances, or  by  the  charge  exploding  at  different 
diflances,  yet  the  power  of  the  charge  is  by  no 
means  afcertained  : but  this  electrometer  fhews 
the  force  of  the  repulfive  power  in  grains; 
and  the  accuracy  of  the  inftrument  is  eafily 
proved,  by  placing  the  weights  on  the  internal 
ball,  and  feeing  that  they  coincide  with  the 
divifions  on  the  arm  F H,  when  the  Aide  is 
removed  to  them. 

Mr.  Achard  has  fhewn  clearly,  that  if  the 
fcale  of  an  electrometer  is  divided  into  equal 
parts  (degrees  for  example)  the  angle  at  which 
die  index  is  held  fufpended  by  the  electric  re- 
pulfion  will  not  be  a true  meafure  of  the  repuS 
five  force ; to  eftimate  which  truly,  he  demon  - 
Urates  that  the  arc  of  the  electrometer  fhould  be 
divided  according  to  a fcale  of  arcs,  the  tan- 
gents of  which  are  in  arithmetical  progrefhon. 

OBSERVATIONS 
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OBSERVATIONS  AND  EXPERIMENTS  MADE  BY 
DR.  PRIESTLEY  ON  THE  EFFECTS  OF  ELEC- 
TRICITY ON  DIFFERENT  ELASTIC  FLUIDS. 

EXPERIMENT  CCXXXIV. 

To  change  the  blue  colour  of  liquors,  tinged 
with  vegetable  juices,  red.  The  apparatus  for 
this  purpofe  is  feen  in  fig.  94.  AE  is  a glafs 
tube,  about  four  or  five  inches  long,  and  one 
or  two  tenths  of  an  inch  diameter  in  the  in- 
fide ; a piece  of  wire  is  put  into  one  end  of 
the  tube,  and  fixed  there  with  cement ; a brafs 
ball  is  placed  on  the  top  of  this  wire ; the 
lower  part  of  the  tube  from  a is  to  be  filled  with 
water,  tinged  blue  with  a piece  of  turnfole  or 
archal.  This  is  eafily  effected,  by  fetting  the 
tube  in  a vefiel  of  the  tinged  water,  then  plac- 
ing it  under  a receiver  on  the  plate  of  the  air- 
pump  ; exhauft  the  receiver  in  part,  and  then, 
on  letting  in  the  air,  the  tinged  liquor  will  rife 
in  the  tube,  and  the  elevation  will  be  in  pro- 
portion to  the  accuracy  of  the  vacuum  ; now 
take  the  tube  and  vefiel  from  under  the  receiver, 
and  throw  ftrong  fparks  on  the  brafs  ball  from 
the  prime  conduftor. 

B b When 
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When  Dr.  Prieflley  made  this  experiment, 
he  perceived,  that  after  the  eledlric  fpark  had 
been  taken,  between  the  wire  b and  the  liquor 
at  a , about  a minute,  the  upper  part  of  it  be- 
gan to  look  red  ; in  two  minutes  it  was  manifefl- 
ly  fo,  and  the  red  part  did  not  readily  mix 
with  the  liquor.  If  the  tube  was  inclined  when 
the  fparks  were  taken,  the  rednefs  extended 
twice'  as  far  on  the  lower  fide  as  on  the  up- 
per. In  proportion  as  the  liquor  became  red, 
it  advanced  nearer  to  the  wire,  fo  that  the  air 
in  which  the  fparks  were  taken  was  diminifhed  j 
the  diameter  amounted  to  about  one  fifth  of  the 
whole  fpace ; after  which,  a continuance  of  the 
electrification  produced  no  fenfible  efFeCt. 

To  determine,  whether  the  caufe  of  the 
change  of  colour  was  in  the  air,  or  in  the  elec- 
tric matter,  Dr.  Prieftley  expanded  the  air  in 

: 

the  tube,  by  means  of  an  air-pump,  till  it  ex- 
pelled all  the  liquor,  and  admitted  frefh  blue 
liquor  in  its  place ; but  after  this,  eledtricity 
produced  no  fenfible  efFedt  on  the  air  or  on  the 
liquor;  fo  that  it  was  clear,  that  the  eleftric 
•matter  had  difeompofed  the  air,  and  made  it 
depofit  fomething  of  an  acid  nature.  The  refult 
was  the  fame  with  wires  of  different  metals. 
It  was  alfo  the  fame  when,  by  means  of  a bent 
tube,  the  fpark  was  made,  to  pafs  from  the 

liquor 
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liquor  in  one  leg,  to  the  liquor  in  the  other. 
The  air  thus  diminifhed  was  in  the  higheft  de- 
gree noxious. 

In  palling  the  eleCtric  fpark  through  differ- 
ent elaltic  fluids  it  appears  of  different  colours. 
In  fixed  air,  the  fpark  is  very  white ; in  inflam- 
mable and  alkaline  air,  it  appears  of  a purple 
or  red  colour.  From  hence  we  may  infer,  that 
the  conducing  power  of  thefe  airs  is  different, 
and  that  fixed  air  is  a more  perfect  non-con - 
duCtor  than  inflammable  air. 

The  fpark  was  not  vifible  in  air  from  a cauf- 
tic  alkali,  made  by  Mr.  Lane,  nor  in  air  from 
fpirit  of  fait;  fo  that  they  feem  to  be  more 
perfect  conductors  of  eleCtricity  than  water,  or 
other  fluid  fubftances. 

The  eleCtric  fpark,  taken  in  any  kind  of  oil, 
produces  inflammable  air.  Dr.  Prieftley  tried 
it  with  ether,  oil  of  olives,  oil  of  turpentine, 
and  elfential  oil  of  mint,  taking  the  eleCtric 
fpark  in  them  without  any  air  to  begin  with  $ 
inflammable  air  was  produced  in  them  all. 

Dr.  Prieftley  found,  that  on  taking  a fmall 
eleftric  explofion  for  an  hour,  in  the  fpace  of 
an  inch  of  fixed  air,  confined  in  a glafs  tube 
one  tenth  of  an  inch  diameter,  when  water  was 
admitted  to  it,  only  one  fourth  of  the  air  was 
imbibed.  Probably  the  whole  would  have 
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been  rendered  immifcible  in  water,  if  the  elec- 
trical operation  had  been  continued  a fufficient 
time. 

The  ele&ric  fpark,  when  taken  in  'alkaline 
air,  appears  of  a red  colour  j the  ele&ric  explo- 
fions,  which  pafs  through  this  air,  increafe  its 
bulk  j fo  that,  by  making  about  200  explofions 
in  a quantity  of  it,  the  original  quantity  will 

be  fometimes  increafed  one  fourth.  If  water 

* « * » ' 

is  admitted  to  this  air,  it  will  abforb  the 
original  quantity,  and  leave  about  as  much 
elaftic  fluid  as  was  generated  by  the  ele&ricity, 
and  this  elaftic  fluid  is  a ftrong  inflammable 

t • ....  1 

air. 

Dr.  Prieftley  found,  that  when  the  eledric 
fpark  was  taken  in  vitriolic  acid  air,  that  the 
inftde  of  the  tube  in  which  it  was  confined  was 

covered  with  a blackifh  fubftance.  He  feems 

• • •.  , 

to  think,  that  the  whole  of  the  vitriolic  acid 
air  is  convertible  into  this  black  matter,  not  by 

means  of  any  union  which  it  forms  with  the 

• • * 

cledric  fluid,  but  in  confequence  of  the  con- 
cuffion  given  to  it  by  the  explofion ; and  that, 
if  it  be  the  calx  of  the  metal  which  fupplied 
the  phlogifton,  it  is  not  to  be  diftinguilhed 
from  what  metal,  or  indeed  from  what  fub- 
ftance of  any  kind,  the  air  had  been  ex- 
traded, 

Dr. 
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Dr.  Prieftley  made  1 50  explofions  of  a com- 
mon jar  in  about  a quarter  of  an  ounce  mea- 
fure  of  vitriolic  acid  air  from  copper,  by  which 
the  bulk  was  diminifhed  about  one  third,  and 
the  remainder  feemingly  not  changed,  being 
all  abforbed  by  Water.  In  the  courfe  of  this 
procefs,  the  air  was  carefully  transferred  three 
times  from  one  veffel  to  another  j and  the  laft 
veflel,  in  which  the  explofions  were  made  in  it, 
was,  to  all  appearance,  as  black  as  the  firft ; 
fo  that  the  air  feems  to  be  all  convertible  into 
this  black  fubftance. 

Thinking  this  diminution  of  the  vitriolic  acid 
air  might  arife  from  its  abforption  by  the  ce- 
ment, with  which  the  glafs  tubes  employed  in 
the  laft  experiment  were  clofed,  he  repeated  it 
with  the  air  from  quickfilver,  in  a glafs  fyphon 
confined  by  quickfilver,  and  the  refult  was  the 
fame. 

That  this  matter  comes  from  the  vitriolic 
acid  air  only,  and  not  from  any  combination  of 
the  electric  matter  with  it,  will  appear  from  the 
following  experiment; 

He  took  the  fimple  electric  fpark  from  a con- 
ductor of  a moderate  lize,  for  the  fpace  of  five 
minutes  without  interruption,  in  a quantity  of 
vitriolic  acid  air,  without  producing  any  change 
in  the  inlide  of  the  glafs ; when  immediately 
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after,  making  in  it  only  two  explofions  of  a 
common  jar,  each  of  which  might  be  produced 
in  lefs  than  a quarter  of  a minute  with  the  fame 
machine  in  the  fame  fate,  the  whole  of  the 
i'nfide  of  the  tube  was  compleatly  covered  with 
the  black  matter.  Now  had  the  eledtric  matter 
formed  any  union  with  the  air,  and  this  black 
matter  had  been  the  refult  of  that  combination, 
all  the  difference  that  would  have  arifen  from 
the  fimple  fpark  or  the  explofion,  could  only 
have  been  a more  gradual,  or  a more  fudden 
formation  of  that  matter. 

A large  phial,  about  an  inch  and  a half  wide, 
being  filled  with  this  air,  the  explofion  of  a 
very  large  jar,  containing  more  than  two  feet  of 
coated  furface,  had  no  effedt  upon  it ; from 
which  it  fhould  feem,  that  in  thefe  cafes,  the 
force  of  the  fhock  was  not  able  to  give  the 
quantity  of  air  fuch  a concufficn  as  was  necef- 
fary  to  decompofe  any  part  of  it. 

He  had  generally  made  ufe  of  copper,  but 
afterwards  he  procured  this  air  from  almof: 
every  fubftance  from  which  it  could  be  ob- 
tained -y  the  eledtric  explofion  taken  in  it  pro- 
duced the  fame  effedt.  But,  as  fome  of  the 
experiments  were  attended  with  peculiar  cir- 
cumftances,  he  briefly  mentions  them,  as  fol- 
lows. 
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When  he  endeavoured  to  get  vitriolic  acid 
air  from  lead,  putting  a quantity  of  leaden  fhot 
into  a phial  containing  oil  of  vitriol,  and  ap- 
plying only  the  ufual  degree  of  heat,  a confi- 
derable  quantity  of  heat  was  produced * but 
afterwards,  though  the  heat  was  encreafed  till 
the  acid  boiled,  no  more  air  could  be  got.  He 
imagined  therefore*  that  in  this  cafe  the  phlo- 
gifton  had,  in  fa6l,  been  fupplied  by  fome- 
thing  that  had  adhered  to  the  fhot.  However, 
in  the  air  fo  produced,  he  took  the  eledtric 
explofion ; and  in  the  firft  quantity  he  tried,  a 
whitifh  matter  was  produced,  almoft  covering 
the  infide  of  the  tube ; but  in  the  fucceeding 
experiments j with  air  produced  from  the  fame 
fhot,  or  from  fomething  adhering  to  it,  there 
was  lefs  of  the  whitifh  matter  * and  at  laid,  no- 
thing but  black  matter  was  produced,  as  in  all 
the  other  experiments.  Water  being  admitted 
to  this  air,  there  remained  a confiderable  refi- 
duum,  which  was  very  flightly  inflammable. 

Vitriolic  acid  air  is  eaflly  procured  from 
fpirit  of  wine,  the  mixture  becoming  black  be- 
fore any  air  is  yielded.  The  electric  explofion 
taken  in  this  air  alfo  produced  the  black 
matter. 

The  experiments  made  with  ether  feem  to 
throw  moil  light  upon  this  fubjedt,  as  this 

B b 4 air 
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air  is  as  eafily  procured  from  ether  as  any 
other  fubftance,  containing  phlogifton.  In  the 
air  procured  by  ether  the  eledtric  explofion 
tinged  the  glafs  very  black,  more  fo  than  in 
any  other  experiment  of  the  kind ; and,  when 
water  had  abforbed  what  it  could  of  this  air, 
there  was  a refiduum  in  which  a candle  burned 
with  a lambent  blue  flame.  But  what  was 
moil  remarkable  in  this  experiment  was,  that 
befides  the  oil  of  vitriol  becoming  very  black 
during  the  procefs,  a black  fubftance,  and  of  a 
thick  confiftence,  was  formed,  which  fwam  on 
the  furface  of  the  acid. 

It  is  very  poflible,  that  the  analyfis  of  this 
fubftance  may  be  a means  of  throwing  light 
upon  the  nature  of  the  black  matter,  formed 
by  eledfric  exploftons,  in  vitriolic  acid  air, 
as  they  feem  to  referable  one  another  very 
much. 

The  eledtric  fpark  or  explolion,  taken  ia 
common  air,  confined  by  quickfilver  in  a glafs 
tube,  covers  the  infide  of  the  tube  with  a black 
matter,  which,  when  heated,  appears  to  be  pure 
quickfilver.  This,  therefore,  may  be  the  cafe 
with  the  black  matter  into  which  he  fuppofed 
the  vitriolic  acid  air  to  be  converted  by  the 
fame  procefs,  though  the  effedt  was  much  more 

remarkable  than  in  the  common  air.  The  ex- 
plofion 
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plofion  will  often  produce  the  diminution  of 
common  air  in  half  the  time  that  fimple  fparks 
will  do  it,  the  machine  giving  the  fame  quantity 
of  fire  in  the  fame  time : alfo,  the  blacknefs 
of  the  tube  is  much  fooner  produced  by  the 
fhocks  than  by  the  fparks  When  the  tube 
confiderably  exceeds  three  tenths  of  an  inch  in 
diameter,  it  will  fometimes  become  very  black, 
without  there  being  any  fenfible  diminution  of 
the  quantity  of  air. 

experiment  ccxxxv. 

This  curious  experiment  was  made  by  Mr. 
Marfham,  originally  with  a view  to  melt  wires 
with  a fmall  Leyden  bottle.  The  effe&s  are 
curious,  and  feem  to  open  a new  field  for  in- 
veftigating  the  force  and  dire&ion  of  the  elec- 
tric fluid.  He  fixed  a fmall  piece  of  wax  upon 
the  outfide  coating  of  the  Leyden  bottle ; the 
head  of  a fmall  needle  was  fluck  in  the  wax, 
fo  as  to  be  at  right  angles  to  the  coating ; op- 
pofite  to  the  point  of  this  needle,  and  at  half 
an  inch  diftance,  another  needle  was  fixed,  by 
being  forced  through  die  bottom  of  a chip  box ; 
this  was  connected  with  the  difcharging  rod 
by  a wire.  On  difcharging  the  bottle,  the 

needle 


378 


AN  ESSAY  ON 


needle  with  the  wax  was  driven  from  the  coat- 
ing of  the  bottle*  and  fixed  into  the  box  op*- 
pofed  to  it.  The  diftance  between  the  needles 
was  then  increafed  to  two  inches  and  a half, 
which  was  the  greateft  linking  diftance.  The 
head  of  the  needle,  which  was  fixed  to  the 
bottle,  was  evidently  melted  in  two  or  three 
places.  If  the  charge  was  ftrong,  and  the  wax 
was  not  ltuck  faft  to  the  coating  of  the  bottle, 
both  the  wax  and  the  needle  would  be  driven 
fome  inches  from  the  bottle.  On  placing  a 
ball  of  wax  on  the  point  of  each  needle,  and 
palling  the  difcharge  through  them,  the  ball 
was  thrown  from  that  connected  with  the  bottle 
full  two  feet.  Repeating  this  again,  he  could 
not  produce  the  fame  effecft. 

Mr.  Marfham  now  fixed  the  needle,  oppofed 
to  that  on  the  bottle,  with  wax  on  a brafs  plate. 
On  palling  the  charge  through  them,  when  the 
needles  were  half  an  inch  diftance  from  each 
other,  the  needle  was  thrown  fix  inches  from 
the  brafs  plate,  while  the  other  remained  in  its 
fituation.  On  increafing  the  diftance,  the  effects 
were  the  fame,  till  it  came  to  one  inch  and  a 
half,  when  neither  were  thrown  off.  In  many 
inftances,  both  were  thrown  off,  leaving  the 
wax  behind  them. 

The  needles  in  all  thefe  experiments  palled 

through 
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through  the  wax-,  fo  as  to  touch  the  coating  of 
the  bottle  and  the  brafs  plate ; both  the  coating 
and  plate  were  beautifully  fufed  at  each  explo- 
lion. 

Mr.  Marfham  then  fubftituted  fmall  pieces 
of  putty  inftead  of  wax ; when  on  making  the 
difcharge  with  the  points,  at  only  three-eighths 
of  an  inch,  the  needle  was  driven  from  the  bot- 
tle, and  the  putty  forced  up  the  needle.  The 
points  were  then  placed  as  near  each  other  as 
was  pofiible ; when,  on  making  the  difcharge, 
the  putty  of  both  needles  was  blown  to  pieces, 
and  the  needle  thrown  at  a confiderable  diftance; 
the  brafs  plate  was  alfo  curioufly  melted,  and 
the  bottle  broke. 


EXPERIMENT  CCXXXVI. 

Cut  a piece  of  India  or  thin  paper,  into  the 
fhape  of  an  ifofceles  triangle,  whofe  fides  are 
about  two  inches  long,  breadth  two  tenths  of  an 
inch  ; then  ere£t  a brafs  ball  of  two  or  three 
inches  diameter,  on  a brafs  wire  one  fixth  of  an 
inch  diameter,  and  two  feet  fix  inches  long,  on 
the  prime  conductor;  ele&rify  the  condu&or, 
and  then  bring  the  obtufe  end  of  the  pieces  of 
paper  within  the  atmofphere  of  the  ball,  and  let 

it 
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it  go,  and  the  paper  will  revolve  round  the  ball 
and  often  round  its  own  axis.  This  pleafing 
and  exceeding  curious  experiment  was  commu- 
nicated to  me  by  the  ingenious  Mr.  J.  Gamble 
of  Pembroke-Hall,  Cambridge.' 


experiment  fccxxxvii. 

Eledrify  two  pieces  of  fwans  down,  one  ne- 
gatively, and  the  other  pofitively ; they  will  then 
float  in  the  air,  and  may  be  eafily  driven  about 
by  bottles  charged  with  contrary  eledricity ; 
when  brought  near  together,  they  will  attrad 
each  other,  meet  with  rapidity,  their  fibres  will 
collapfe,  and  they  will  then  fall  to  the  ground, 
reprefenting  in  miniature  what  may  be  fuppofed 
often  to  happen  in  the  higher  regions  of  the 
atmofphere. 

E XPER  IMENT  CCXXXVlIf. 

Infulate  a Leyden  phial,  and  conned  a fet 
of  eledrical  bells  with  the  infide  of  the  phial, 
and  another  fet  with  the  outlide  charge  the 
phial,  and  then  touch  the  fet  of  bells  conneded 
with  the  infide  i thefe  will  ceafe  ringing,  and  the 
other  fet  will  begin  to  ring : now  touch  thefe, 
and  then  the  fet  conneded  with  the  infide  will 
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ring : and  fo  on  alternately  till  the  bottle  is  dif- 
charged.  Thus  illuftrating  in  a pleafing  manner 
the  received  theory  of  the  Leyden  phial. 

A diftinCt  apparatus  is  often  fitted  up  for  the  per- 
forming of  this  experiment : or  it  may  be  fhewn 
by  means  of  the  apparatus  reprefented  Fig.  49. 
PI.  III.  which  can  eafily  be  applied  to  a great 
variety  of  purpofes,  and  is  fufficient  for  explain- 
ing moft  part  of  the  phenomena  relative  to  the 
Leyden  phial,  befides  being  very  convenient  for 
feveral  pleafing  experiments. 

ON  THE  ANALOGY  BETWEEN  THE  PRODUCTION 
AND  EFFECTS  OF  ELECTRICITY  AND  HEAT, 
AND  ALSO  BETWEEN  THE  POWER  BY  WHICH 
BODIES  CONDUCT  ELECTRICITY  AND  RECEIVE 
HEAT  ; WITH  THE  DESCRIPTION  OF  AN  IN- 
STRUMENT TO  MEASURE  THE  QUANTITY  Of 
THE  ELECTRICAL  FLUID,  WHICH  EODIES  OF  A 
DIFFERENT  N ATUR.E  WILL  CONDUCT,  WHEN 
PLACED  IN  THE  SAME  CIRCUMSTANCES.  BT 
MR.  ACHARD 

The  production  of  heat  is  fimilar  to  that 
pf  eledtricity. 

Every  kind  of  friction  produces  heat  and 

* Memoircs  de  l’Academie  de  Berlin,  for  1779. 
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electricity.  It  may  be  objected  to  this,  that  in 
order  to  render  the  analogy  perfect,  it  would  be 
neceflary  that  the  friction  of  every  body  fhould 
produce  electricity,  which  appears  contrary  to 
experience,  as  metals  and  other  conducting 
fubltances  do  not  become  electrical,  but  by 
the  contact  of  electric  bodies,  and  that  the 
immediate  friction  of  thefe  fubltances  will  not 
render  them  electrical. 

To  this  it  may  be  anfwered,  that  when  an 
electric  body  is  excited  by  friction  againlt  a 
non-electric,  that  the  lalt,  if  it  is  infulated, 
gives  as  ftrong  figns  of  electricity  as  thofe  of 
the  electric  itfelf.  This  electricity  is  not  com- 
municated by  the  electric,  fince  it  is  of  an  op- 
pofite  kind  : negative,  if  the  electric  is  pofivive ; 
and  the  contrary. 

This  obfervation  proves,  not  only  that  the 
conducting  bodies  become  electrical  by  friction, 
^s  well  as  electric  bodies,  but  alfo,  that  to  pro- 
duce electricity,  it  is  neceffary  that  the  equili- 
brium between  the  electricity  of  the  rubbing 
bodies  Ihould  be  deftroyed ; if  each  fubftance 
is  equally  adapted  to  receive  and  tranfmit  the 
electrical  fluid,  it  .is  clear,  that  the  equilibrium 
of  the  fluid  between  them  cannot  be  deftroyed  ; 
becaufe,  that  at  the  inftant  one  receives  from 
the  other  any  given  quantity,  it  will,  by  its  elas- 
ticity. 
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trcity,  be  again  divided  between  them  : we  may 
therefore  conclude, 

1.  That  the  electricity  produced  by  the  fric- 
tion of  two  bodies  is  greater,  in  proportion  to 
the  increafe  of  the  difference  between  the  con- 
ducting power  of  thofe  bodies. 

2.  That  where  two  bodies  are  equally  adapted 
to  receive  and  tranfmit  the  electric  fluid,  they 
give  no  fign  of  electricity  j not  becaufe  they 
cannot  become  electrified  by  friction,  but  be- 
caufe the  electricity,  which  is  difturbed  by  the 
friction,  is  at  the  fame  time  reflored,  on  ac- 
count of  the  facility  with  which  it  penetrates 
'each  fubftance.  For  a reafon  nearly  fimilar, 
electrics,  when  rubbed  together,  do  not  appear 
electrified. 

It  feems  therefore,  that  we  may  conclude 
from  this  theory,  which  is  founded  on  fact,  that 

in  all  cafes,  and  whatever  is  the  nature  of  the 

> / 

fubftance,  the  friction  always  produces  elec- 
tricity ; and  when  the  effect  is  not  fenfible,  it 
is  only  becaufe  electricity  is  loft  as  foon  as  pro- 
duced. 

That  there  are  no  fubftances,  that  are  rubbed 

p . 

againft  a body,  which  tranfmit  the  electric  fluid 
with  greater  or  lefs  difficulty,  but  what  give 
iigns  of  electricity:  that  metals  are  as  electrical 
by  themfelves  as  glafs  and  wax. 
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That  as  fridion  always,  and  in  all  cafes,  pro- 
duces eledricity,  there  is  a perfect  analogy  be- 
tween the  produdion  of  heat  and  eledricity. 

THE  EFFECTS  WHICH  ARE  PRODUCED  BY  ELEC- 
TRICITY, ARE  SIMILAR  TO  THOSE  PRODUCE* 

BY  HEAT. 

Heat  dilates  all  bodies.  The  adion  of  the 
cledric  fluid  on  the  thermometer  ihews  its 
dilating  power  alfo  ; and  if  we  do  not  generally 
perceive  it,  it  is  becaufe  the  force  with  which 
bodies  cohere  together  exceeds  the  dilating; 
power  of  eledricity. 

Heat  promotes  and  accelerates  vegetation  as 
well  as  germination  : Eledricity,  whether  polE 
live  or  negative,  does  the  fame, 

Eledricity,  as  well  as  heat,  accelerates  eva- 
poration. 

Heat  and  eledricity  accelerate  the  motion 
of  the  blood*.  Leaft  fear,  conftraint,  or  the 
attention  to  the  experiment,  might  accelerate 
the  pulfe  and  thus  be  attributed  to  eledricity, 
Mr.  Achard  made  the  experiment  on  a dog 

when  afleep,  and  always  found,  that  the  number 

* 

* This  pofition  has  been  much  controverted,  and  it  Teems 
clear,  from  modern  experiment,  that  iimplc  eledricity  does 
not  accelerate  the  pulfe. 
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of  pulfations  was  increafed  when  the  animal  was 

electrified. 

The  experiment  made  by  Mr.  Achard  on  the 
eggs  of  a hen,  and  by  others  on  the  eggs  of 
moths,  prove  that  eleCtricity,  as  well  as  heat, 
favour  the  developement  of  thofe  animals.  The 
eleCtric  fluid,  in  common  with  fire,  will  throw 
metals  into  fufion. 

If  fubflances,  with  equal  degrees  of  heat,  touch 
each  other,  the  heat  is  diffufed  uniformly  between 
them.  In  the  fame  manner,  if  two  bodies  with  un- 
equal degrees,  or  different  kinds  of  electricity, 
touch  each  other,  an  equilibrium  will  be  eftablifh- 
ed. 

THERE  IS  AN  EXACT  ANALOGY  BETWEEN  THE 

FACULTY  WITH  WHICH  BODIES  CONDUCT  THE 

ELECTRIC  FLUID  AND  RECEIVE  HEAT. 

If  bodies  of  different  kinds,  and  of  equal  de- 
grees of  heat,  are  placed  in  a medium  of  a dif- 
ferent temperature,  they  will  all  acquire,  at  the 
end  of  a certain  time,  the  fame  degree  of  heat. 
There  is  a conflderable  difference,  however,  in 
the  fpace  of  time  in  which  they  acquire  the 
temperature  of  the  medium,  ex.  gr.  metals  take 
lefs  time  than  glafs,  to  acquire  or  lofe  an  equal 
degree  of  heat. 


On 


^86  AN  ESSAY  ON 

On  an  attentive  'examination  of  the  bodies 
which  receive  and  lofe  their  heat  fooneft,  when 
they  are  placed  in  mediums  of  different  tempe- 
rature, they  will  be  found  to  be  the  fame  which 
receive  and  lofe  their  electricity  with  the 
greateft  facility.  Metals  which  became  warm 
or  grow  cool  the  quickeft,  are  the  fubftances 
which  receive  and  part  with  their  eleCtricity 
fooneft.  Wood,  which  requires  more  time  to 
be  heated  or  cooled,  receives  and  lofes  eledtri- 
city  flower  than  metals.  Laftly,  glafs  and  re- 
ft nous  fubftances,  which  receive  and  lofe  (low- 
ly the  eleCtric  fluid,  acquire  with  difficulty  the 
temperature  of  the  medium  which  furrounds 
them. 

If  one ' extremity  of  an  iron  rod  is  heated 
red-hot,  the  other  extremity,  though  the  bar 
is  feveral  feet  long,  will  become  fo  warm  in  a 
little  time  that  the  hand  cannot  hold  it ; be- 
caufe  the  iron  condu&s  heat  readily ; though  a 
tube  of  glafs,  only  a few  inches  long,  may  be 
held  in  the  hand,  even  while  the  other  end  is 
melting.  The  electric  fluid,  in  the  lame  man- 
ner,  pafles  with  great  velocity  from  one  end 
of  a rod  of  iron  to  the  other ; but  it  is  a 
confiderable  time  before  a tube  of  glafs,  at  one 
end  of  which  an  excited  eledtric  is  held,  will  give 
eleCtric  figns  at  the  other. 
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Thefe  obfervations  prove  that  feveral  bodies 
that  receive  and  lofe  with  difficulty  their  ac- 
tual degree  of  heat,  receive  and  lofe  alfo 
with  difficulty  their  electricity . To  determine 
if  this  law  is  general,  and  what  are  the  excep- 
tions to  it,  will  require  a variety  of  experiments. 

If  we  fuppole  two  fubltances,  one  of  which 
is  eleCtrified,  but  the  other  not,  that  the  firft 
has  a known  degree  of  eleCtricity,  and  that  the 
lalt,  in  touching  it,  deprives  it  of  a given  de- 
gree of  eleCtricity ; this  lols  of  a part  of  its 
eleCtricity  determines  the  faculty  with  which 
the  body  that  touches  it  receives  the  eleCtric 
fluid.  Befides  the  figure  and  volume  of  this 
lubltance,  the  time  the  two  bodies  remain  in 
contaCt  will  alter  the  quantity  taken  from 
the  electrified  fubftance ; fo  that  all  other 
circumftances  being  the  fame,  the  property  of 
bodies  to  deprive  other  bodies  of  their  elec- 
tricity, or,  in  other  words,  to  conduCt  the  elec- 
tric fluid,  is  in  the  inverfe  ratio  of  the  time 
neceflary  to  make  them  lofe  an  equal  degree 
of  eleCtricity. 

The  inftrument  which  is  reprefented  fig.  95 
is  conftruCted  on  thefe  principles,  and  with  it 
the  quantity  of  eleCtricity  that  one  body  lofes 
in  a given  time,  when  touched  by  another,  may 
be  accurately  alcertained.  A B is  a very  fen- 

C c 2 Able 
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fible  balance ; at  the  extremity  of  each  arm  two 
very  light  balls  of  copper  are  affixed ; CFD 
a divided  femicircle,  which  is  fkftened  to  the 
cock  which  fnpports  the  axis  of  the  balance ; 
the  degrees  may  be  pointed  out  by  a needle,  or 
by  the  arms  of  the  balance ; the  cock  is  fixed 
to  a brafs  cap,  which  is  cemented  on  the  glafs 
pillar  G G,  which  is  fixed  to  the  board  QRST  ; 
this  pillar  fhould  be  at  leak  1 8 inches  high. 
U is  a Leyden  bottle ; to  the  wire  Z Z,  which 
communicates  with  its  infide  coating,  three 
horizontal  wires,  V Z,  X Z,  and  Z Y,  are  fixed  ; 
the  ends  of  thefe  wires  are  furniffied  with  hol- 
low brafs  balls  ; the  bottle  U is  fo  fixed  to  the 
board,  that  when  the  beam  is  horizontal,  the 
ball  B touches  exactly  the  ball  X,  as  is  repre- 
fented  in  the  figure. 

K N is  a metal  lever,  which  turns  upon  an 
axis  at  I,  fo  as  to  move  freely  in  a vertical 
olane,  which  fhould  coincide  with  the  bar  V X ; 
the  lever  KN  is  fupported  by  a wooden  pillar 
I H,  which  is  fixed  to  the  board  QJt  ST;  at 
the  end  K of  the  lever  is  a fcrew,  to  hold  the 
fubftance  on  which  the  experiment  is  to  be  made; 
the  upper  end  of  this  fubftance  fhould  be  turn- 
ed into  a convex  form.  A thread  N O is  tied 
to  the  end  N of  the  lever;  at  O is  a fmall 
hook,  on  which  a ball  I is  to  be  fufpended. 

The 
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The  diftance  of  the  pillar  I H from  the  bottle 
is  to  be  lb  adj ufted,  that  when  the  end  N is 
lowered,  the  body  L may  touch  in  one  point 
the  ball  V ; the  proportion  between  the  weight 
of  the  arms  of  the  lever,  the  weight  I and  the 
body  L,  and  the  length  of  the  pillar  I H to 
the  thread  NO,  is  to  be  fuch,  that  when  the 
fubftance  L the  ball  V,  at  the  fame 

moment  the  ball  P will  touch  the  board 
QR  S T,  and  be  difengaged  from  the  thread 
N O ; the  fubftance  L will  alfo  at  the  fame 
inftant  quit  the  ball  V. 

Io  ufe  this  infcrument,  conneCt  the  bottle 
U with  the'  prime  conductor  by  the  ball  Y, 
and  form  a communication  by  a wire  from 
Y to  the  cap  G ; charge  the  bottle,  and  the 
ball  X will  repell  the  ball  B ; the  angle  of  re- 
pulfion  will  be  marked  by  the  needle  E F. 
Suppofe  this  to  be  20  degrees,  and  let  L be 
brought,  as  before  deicribed,  to  touch  V,  it  will 
abioro  a quantity  of  electricity  proportionable 
to  its  conducing  power,  and  the  ball  B will 
fan  in  proportion  to  the  quantity  abforbed,  and 
the  difference  will  be  feen  on  the  femicircle. 
Let  the  difference  be  five  degrees ■,  repeat  the 
expei rnent,  only  fubftituting  lome  other  fubftanc® 
m the  place  o<  the  body  L;  fuppofe  that  with 
tuis  fubftance  tne  diminution  of  the  anode  is  8 de- 

C c 3 erees 
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grees,  then  is  the  conducing  power  of  thefe  two 
iubftances  in  the  proportion  of  five  to  eight. 

Fig.  106  reprefents  an  apparatus,  to  fet  a 
wire  on  fire  by  the  electric  explofion  in  dephlo- 
gifficated  air.  I am  obliged  to  defer  the  defcrip- 
tion  and  ufe  of  it  to  fome  future  opportunity, 
as  I have  not  had  any  time  to  try  its  fuc- 
cefs. 
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ADVERTISEMENT. 


TP  HIS  fmall  EiTay  is  publifhed  to  illus- 
trate and  exemplify  fome  ufes  of  a Mag- 
netical  Apparatus,  conftrudted  in  order 
to  exhibit  the  general  phenomena  of 
Magnetifm.  It  is  extracted  from  a larger 
work,  which  is  laid  afide  for  the  prefent, 
as  it  is  probable  the  public  will  foon  be 
favoured  with  a treatife  on  this  fubjedt 
by  Mr.  Cavallo. 
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MAGNETISM. 


r HOUGH  the  phenomena  of  the  mag- 


net have,  for  many  ages,  engaged  the  at- 
tention of  natural  philofophers,  not  only  by 
their  fingularity  and  importance,  but  alfo  by 
the  obfcurity  in  which  they  are  involved  yet 
very  few  additions  have  been  made  to  the  dis- 
coveries of  the  firft  enquirers  upon  the  fubje£h 
The  powers  of  genius  which  have  been  hither- 
to employed  in  proiecuting  this  fubje6t,  have 
not  been  able  to  frame  an  hypothecs,  that  will 
account,  in  an  eafy  and  fatisfaftory  manner,  for 
all  the  various  properties  of  the  magnet,  or 


point 
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point  out  the  links  of  the  chain  which  con- 
ned it  with  the  other  phenomena  of  the  uni- 
verfe.  Though  it  is  certain  that  both  natural 
and  artificial  eledricity  will  give  polarity  to 
needles,  and  even  reverie ; from  whence  it 
would  appear,  that  there  is  a confiderable  af- 
finity between  the  eledric  and  magnetic  fluid, 
but  how  it  ads  when  producing  magnetifm, 
is  entirely  unknown. 

It  is  known-  by  the  works  of  Plato*  and 
Ariftotle,  that  the  antients  were  acquainted  with 
the  attradive  and  repulflve  powers  of  the  mag- 
net ; but  it  does  not  appear,  that  they  knew  of 
its  pointing  to  the  pole,  or  the  ufe  of  the  com- 
pafs.  As  they  were  not  acquainted  with  the 
true  method  of  philofophifing,  and  contented 
themfelves  with  obfervation  alone,  their  know- 
ledge of  nature  was  confined  within  very  narrow 
limits,  and  did  not  afford  any  confiderable  ad  * 

'*  u A power  refembling  that,  which  a6ts  in  the  Hone, 
“ called  by  Euripides  the  magnet.  Tor  this  Hone  does 
“ not  only  attract  iron  rings,  but  impart  to  thofe  rings  the 
“ power  of  doing  that  very  thing  which  itfelf  does,  ena- 
“ bling  them  to  attract  other  rings  of  iron  ; fo  that  fometimes 
“ may  be  feen  a very  long  feries  of  iron  rings,  depending 
“ as  in  a chain  one  from  another.  But  from  that  Hone 
“ at  the  head  of  them  is  derived  the  virtue,  which  ope- 
“ rates  in  them  all.”  See  Sydenham’s  tranflation  of  the 
JO  of  Plato, 
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vantage  to  fociety.  Modern  philofophers,  by 
combining  experiment  with  oblervation,  icon 
extended  the  boundaries  of  fcience,  and  dif- 
covered  the  polarity  of  the  loadflone,  a pro- 
perty which  in  a manner  conftitutes  the 
bafis  of  navigation,  and  gives  being  to  com- 
merce. 

THE  LOADSTONE,  LEADING  STONE,  OR  NA- 
TURAL magnet,  is  an  iron  ore  or  ferruginous 
Hone,  found  in  the  bowels  of  the  earth,  general- 
ly in  dron  mines ; of  all  forms  and  fizes,  and 
of  various  colours.  It  is  endowed  with  the 
property  of  attracting  iron ; and  of  both  point- 
ing itfelf,  and  alfo  enabling  a needle,  touched 
upon  it,  and  duly  poifed,  to  point  towards  the 
poles  of  the  world. 

Loadftones  are  in  general  very  hard  and  brit- 
tle, and  for  the  mod:  part  more  vigorous  in 
proportion  to  their  degree  of  hardnefs.  Con- 
fiderable  portions  of  iron  may  be  extracted  from 
them.  Newman  fays,  that  they  are  almofl  to- 
tally foluble  in  fpirit  of  nitre,  and  partially  in 
the  vitriolic  and  marine  acids. 

Mr.  Kirwan  fays,  “ That  the  magnet  feems 
to  contain  a fmall  quantity  of  fulphur,  is  often 
contaminated  with  a mixture  of  quartz  and 
argill ; it  is  poflible,  it  may  contain  nickell,  for 
this,  when  purified  to  a certain  degree,  acquires 

the 
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the  properties  of  a magnet,  but  its  conftitution 
has  not  as  yet  been  properly  examined  *. 

Artificial  magnets,  which  are  made  of  fteel, 
are  now  generally  ufed  in  preference  to  the  na- 
tural magnet ; not  only  as  they  may  be  pro- 
cured with  greater  eafe,  but  becaufe  they  are 
far  fuperior  to  the  natural  magnet  in  ftrength, 
and  communicate  the  magnetic  virtue  more 
powerfully,  and  may  be  varied  in  their  form 
more  eafily,  fo  that  the  natural  magnet  is  now 
very  little  efteemed,  except  as  a curiofity. 

The  power  of  attrafting  iron,  &c.  pofTefTed 
by  the  loadftone,  which  is  alfo  communicable 
to  iron  and  fteel,  is  called  magnetism.  It  has 
been  fuppofed  that  iron  and  the  loadftone  were 
the  only  two  bodies  which  could  be  rendered 
magnetical ; but  it  now  appears  that  nickel, 
when  purified  from  iron,  becomes  more  in- 
ftead  of  lefs  magnetic,  and  acquires,  what  iron 
does  not,  the  properties  of  a magnet  y. 

A rod  or  bar,  of  iron  or  fteel,  to  which  a 
permanent  polarity  has  been  communicated,  is 
called  a magnet. 

The  points  in  a magnet  which  feem  to  pof* 
fefs  the  greateft  power,  or  in  which  the  virtue 


* Kirivan’s  Elements  of  Mineralogy,  p.  271. 
y Ibid.  p.  369. 
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feems  to  be  concentrated,  are  termed  the 

POLES  OF  A MAGNET. 

The  magnetical  meridian  is  a vertical 
circle  in  the  heavens,  which  interfedts  the  ho- 
rizon in  the  points  to  which  the  magnetical 
needle,  when  at  reft,  is  diredted. 

The  axis  of  a magnet  is  a right  line,  which 
pafles  from  one  pole  to  the  other. 

The  equator  of  a magnet  is  aline  per- 
pendicular to  the  axis  of  the  magnet,  and  ex- 
actly between  the  two  poles. 

The  diftinguifhing  and  charadteriftic  proper- 
ties of  a magnet,  are. 

Fir  ft.  Its  attradlive  and  repulfive  powers. 

Secondly,  The  force  by  which  it  places  it- 
felf,  when  fufpended  freely,  in  a certain  direc- 
tion towards  the  poles  of  the  earth. 

Thirdly,  Its  dip  or  inclination  towards  a 
point  below  the  horizon. 

Fourthly,  The  property  which  it  poiTeffes  of 
communicating  the  foregoing  powers  to  iron  or 
fteel. 

an  hypothesis*. 

Mr.  Euler  fuppofes,  that  the  two  principal 
caufes  which  concur  in  producing  the  wonder- 

'*  Lettrcs  a une  Princefle  d’Allemagnc. 
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ful  properties  of  a magnet  are,  firft,  a particu- 
lar ftru&ure  of  the  internal  pores  of  the  mag- 
nets, and  of  magnetical  bodies;  and,  fecondly, 
an  external  agent  or  fluid,  which  a&s  upon  and 
pafles  through  thefe  pores.  This  fluid  he  fup- 
pofes  to  be  the  folar  atmofphere,  or  that  fubtil 
matter  Called  ether,  which  fills  our  fyfiem. 

Indeed,  moil  writers  on  the  fubjecl:  agree  in 
fuppofmg,  that  there  are  corpufcles  of  a pecu- 
liar form  and  energy,  which  continually  circu- 
late around  and  through  a magnet ; and  that  a 
vortex  of  the  fame  kind  circulates  around  and 
through  the  earth. 

A magnet,  befides  the  pores  which  it  has 
in  common  with  other  bodies,  has  alfo  other 
pores  confiderably  fmaller,  deftined  only  for 
the  paflage  of  the  magnetic  fluid.  Thefe  pores 
are  fo  difpofed  as  to  communicate  one  with  the 
other,  forming  tubes  or  channels,  by  which  the 
magnetic  fluid  pafles  from  one  end  to  the 
other.  The  pores  are  fo  formed  that  this  fluid 
can  only  pafs  through  them  in  one  direction, 
but  cannot  return  back  the  fame  way ; fimilar 
to  the  veins  and  lymphatic  vefl'els  of  the  animal 
body,  which  are  furnifhed  with  valves  for  this 
purpofe.  So  that  the  pores  of  the  magnet  may 
be  conceived  to  be  formed  into  feveral  narrow 
contiguous  tubes,  parallel  to  each  other,  as  at 
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A B,  fig.  99,  through  which  the  finer  parts  of 
the  ether  paffes  freely  from  A to  B,  but  cannot 
return  back  on  account  of  the  refiFance  it  meets 
with  at  j , a,  b , b,  nor  overcome  the  refiflance  of 
the  groffer  ether,  which  occafions  and  continues 
the  motion.  For  fuppofing  the  pole  A of  a 
magnet,  filled  with  feveral  mouths  or  open 
ends  of  fimilar  tubes,  the  magnetic  fluid, 
preffed  by  the  groffer  parts  of  the  ether,  will 
pafs  towards  B with  an  inconceivable  rapidity, 
which  is  proportionable  to  the  elaflicity  of  the 
ether  itfelf ; this  matter  which,  till  it  arrives  at 
B,  is  feparated  by  the  tubes  from  the  more 
grofs  parts,  then  meets  with  it  again,  and  has 
its  velocity  retarded,  and  its  diredtion  changed  ; 
the  ftream,  remedied  by  the  ether,  with  which 
it  cannot  immediately  mix,  is  bent  on  both 
fides  towards  C and  D,  and  defcribes,  but  with 
lefs  velocity,  the  curves  D E and  C F e,  and 
approaching  by  the  curves  d and  r,  falls  in 
with  the  affluent  matter  in  w,  and  again  enters 
the  magnet ; and  thus  forms  that  remarkable 
atmofphere  which  is  vifible  in  the  arrangement 
of  Feel  filings  on  a piece  of  paper  that  is  placed 
over  a magnet. 
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A SECOND  HYPOTHESIS*. 

i . That  the  earth  is  a large  magnet. 

*2.  That  there  is  afubtil  fluid,  called  the  mag- 
netic fluid,  which  exifts  in  every  kind  of  iron, 
is  equally  attracted  by  all  its  parts,  and  equally 
difleminated  throughout  its  fubftance,  unlefs  it 
is  forced  into  an  inequality  by  a power  fupe- 
rior  to  the  attraction  of  the  iron. 

3.  That  the  natural  quantity  of  magnetic 
fluid  contained  in  a piece  of  iron,  may  be  put 
in  motion  fo  as  to  be  more  rarified  in  one 
part,  and  more  condenfed  in  another;  but  it 
cannot  be  fo  taken  away  by  any  known  force, 
as  to  leave  the  whole  mafs  in  a negative  ftate 
with  relpect  to  its  natural  quantity  ; neither  can 
any  additional  quantity  be  introduced  fo  as  to 
put  it  in  apofitive  ftate. 

4.  A piece  of  foft  iron  permits  the  magnetic 
fluid  which  is  contained  in  its  fubftance  to  be 
put  in  motion  by  a fmall  force,  fo  that,  being 
placed  in  the  dire&ion  of  the  magnetic  meri- 
dian, it  acquires  immediately  the  properties  of 
a magnet,  its  magnetic  fluid  being  drawn  or 
pufhed  from  one  extremity  to  the  other,  and 
continuing  fo  while  it  remains  in  the  fame  po- 

* Oeuvies  de  Franklin.  Tom.  1.  p.  2 77. 
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fition,  one  of  the  ends  becoming  pofitively,  the 
other  negatively  magnetic.  This  tranfient  mag- 
net lofes  its  properties  when  it  is  laid  in  an  eaft 
and  weft  fituation,  the  magnet  returning  to  its 
original  fituation. 

If  the  iron  is  hard  as  fteel,  it  is  more  difficult 
to  put  the  magnetic  fluid  in  motion,  it  re- 
quires a ftronger  force  than  is  exerted  by  the  • 
magnetifm  of  the  earth  to  move  it,  and  when 
moved  from  one  end  to  the  other,  it  cannot 
eafily  return,  and  thus  a fteel  bar  requires  a per- 
manent magnetifm. 

6.  A great  heat  opens  the  fubftance  and  fe- 
parates  the  parts  of  the  bar,  and  thus  gives  a 
free  paffage  for  the  magnetic  fluid,  which  de- 
ftroys  its  magnetic  properties. 

7.  A fteel  bar  not  magnetical,  placed  in  the 
direction  of  the  magnetic  meridian  and  dip,  and 
firft  heated  and  then  fuddenly  cooled,  while  in 
this7pofture,  acquires  a permanent  magnetifm  j 
for  while  the  bar  was  warm,  the  magnetic  fluid 
contained  in  it  was  eafily  forced  from  one  end 
to  the  other,  by  the  magnetifm  of  the  earth,  and 
was  retained  there  by  the  contra&on  of  the  bar 
from  cold. 

8.  Violent  concuffions  ofthe  fteel  bar  placed  as  in 
the  foregoing  article,  fo  feparate  its  parts  during 
the  vibrations,  as  to  fufter  the  magnetic  fluid  to  be 
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forced  from  its  fituation  by  the  magnetifm  of 
the  earth,  and  is  retained  in  its  altered  fituation 
by  the  clofing  of  the  pores  when  the  vibration 
ceafe. 

9.  An  eledtric  fhock  dilating  a needle  for  a 
moment,  gives  it,  for  the  foregoing  reafon,  a 
magnetic  virtue. 

% 

I.  THERE  IS  A TENDENCY  IN  IRON  AND  A MAGNET 
TO  APPROACH  EACH  OTHER,  AND  ATTACH 
THEMSELVES  TOGETHER,  AND  THAT  WITH 
SUCH  FORCE,  AS  OFTEN  TO  REQUIRE  A CON- 
SIDERABLE WEIGHT  TO  SEPARATE  THEM. 


This  curious  property  of  the  magnet  was  that 
by  which  it  was  firft  dilcovered,  and  by  which  it 
engaged  the  attention  of  the  curious.  Every 
fubftance  which  contains  iron  is  more  or  lefs 
attracted  by  the  magnet,  with  one  exception, 
as  ITenckel,  Gellert,  and  Brand  alfert,  that  the 
fmalleft  quantity  of  antimony  mixed  with  iron 
prevents  its  being  attracted  by  the  magnet. 
Mr.  Burgman  ufed  the  following  method  to 
difcover  the  fubftances  which  are  attracted  by 
the  magnet,  he  placed  the  bodies  which  he  in- 
tended to  examine  on  pure  water  or  very  pure 

mercury. 
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mercury,  either  directly  on  the  furface,  or  on  a 
piece  of  paper,  when  on  the  approach  of  a 
Itrong  magnet,  they  will  be  fenfibly  attracted, 
although  the  attraction  could  be  diicovered  by 
no  other  method ; in  this  way  he  found  martial 
falts  ftronglv  attracted  by  the  magnet.  How- 
beit,  in  general,  iron  when  involved  in  a coat- 
ing of  faline  matter  is  attracted  lefs  ttrongly  in 
proportion  as  it  is  more  intimately  united  to 
the  falts.  The  attraction  of  iron  is  ftrongeft 
when  it  is  moil  deprived  of  oily,  fulphureous,  and 
faline  particles.  Spirit  of  nitre  poured  on  iron 
which  is  aCting  on  a magnetic  needle,  will  di^ 
jminilh.  its  aCtion. 

Experiment  i. 

Place  a piece  of  iron  on  a cork,  and  put  the 
cork  into  water,  the  piece  of  iron  will  be  at- 
tracted by,  and  follow  a magnet,  in  a pleafing 
manner.  The  tendency  between  the  magnet 
and  the  iron  is  reciprocal ; for  if  the  magnet  be 
put  on  the  cork,  it  will  follow  the  iron,  in  the 
fame  manner  as  this  followed  the  magnet. 

On  this  principle  many  ingenious  and  enters 
taining  pieces  of  mechanifm  have  been  con- 
trived. SmaD  fwans  fwiming  in  the  water 
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have  been  made  to  point  out  the  time  of  the 
day,  &c. 


experiment  ir. 

Place  a magnet  upon  one  of  the  brafs  Hands, 
and  prefent  one  end  of  a fmall  needle  towards 
it,  holding  the  other  end  by  a piece  of  thread, 
to  prevent  the  needle  fixing  itfelf  to  the  bar, 
and  the  needle  will  be  pleafingly  fufpended  in 
the  air ; the  needle  will  remain  fufpended,  al- 
though a piece  of  paper,  glafs,  brafs,  &c.  be 
introduced  between  the  magnet  and  the  nee- 
dle. 


EXPERIMENT  III. 

Sufpend  a magnet 'under  the  fcale  of  a ba- 
lance, and  counterpoife  it  by  weights  in  the 
other  fcale,  then  prefent  a piece  of  iron  towards 
the  magnet,  it  will  immediately  defcend,  and, 
if  the  iron  is  not  placed  at  too  great  a diftance, 
will  adhere  to  it:  now  fufpend  the  iron  under 
the  fcale  inflead  of  the  magnet,  then  bring  the 
latter  towards  it,  and  the  iron  will  defcend  and 
adhere  to  the  magnet. 


EXP  e~ 
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experiment  IV. 

Hold  one  end  of  the  magnet  at  about  half  an 
inch  from  fome  fteel  filings,  and  thefe  will  fly  to 
the  magnet  and  form  a kind  of  beard  about  the 
end  of  the  magnet. 

II.  THERE  ARE  CERTAIN  POINTS  IN  A 

MAGNET  IN  WHICH  ITS  VIRTUES  SEEM 

AS  IT  WERE  CONCENTRATED,  WHICH  ARE 

CALLED  ITS  POLES.  - 

. * 

EXPERIMENT  V. 

Let  a magnet  be  placed  on  one  of  the  brafs 
Hands  contained  in  the  apparatus,  and  then  try 
what  number  of  iron  balls v it  will  fuflain  at 
different  parts ; it  will  be  found  to  fupport  moft 
near  the  ends,  evincing  that  the  magnetic  power 
is  exerted  there  with  the  greateft  force. 

Take  out  the  fteel  needle  from  the  facfturer, 
the  two  pillars  ab , fig.  1 17,  and  place  in  its  ftead 
the  needle,  one  half  of  which  is  made  of  fteel, 
the  other  half  of  brafs,  the  fteel  part  of  this  nee- 
dle is  to  be  touched  ; on  prefenting  the  fouth 
end  of  a magnet  to  the  end  of  the  arch,  this  will 

repel 
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repel  the  end  of  the  needle  to  a certain  degree, 
but  on  moving  the  magnet  progreffively  for- 
wards, the  needle  will  gradually  fall  down  till 
it  comes  to  Zero..  If  the  magnet  is  moved 
further  the  needle  will  be  attra&ed. 


TO  FIND  THE  POLES  OF  A MAGNET. 

EXPERIMENT  VI. 

Let  a magnet  be  placed  under  one  of  thofe 
panes  of  glafs  which  are  contained  in  the  bot- 
tom of  the  box ; lift  fome  fteel  filings  on  this 
glafs,  and  then  ft  like  it  gently  with  a key,  in 
order  to  throw  the  glafs  into  a vibratory  mo- 
tion 5 this  will  difengage  the  filings,  and  they 
will  foon  be  arranged  in  a pleafing  manner : 
thofe  parts  of  the  magnet  from  which  the 
curves  feem  to  take  their  rife,  and  over  which 
the  filings  feem  to  be  almoft  eredt,  are  the 
poles  of  the  magnet : or  roll  the  magnet  or 
loadftone  in  fteel  filings,  which  will  adhere  in 
a greater  quantity,  and  more  ftrongly  to  thofe 
parts,  that  are  near  the  poles ; and  thofe  particles 
which  are  over  the  poles  will  be  perpendicular 
to  the  bar,  the  other  particles  will  incline  to- 
wards the  poles.  If  a fmall  needle  be  placed 
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in  a glafs  ball  and  carried  over  the  magnetic 
bar,  it  will  ftand  perpendicular  to  the  bar  when 
it  is  over  either  of  the  poles,  the  various 
inclinations  of  a piece  of  fteel,  and  at  different 
parts  of  a magnet,  may  b.e  pleafingly  obferved 
by  this  little  apparatus. 

In  this,  as  well  as  many  other  magnetical  ex- 
periments, a mechanical  force  is  evidently  ex- 
erted, detaching  the  particles  of  iron  from  one 
fituation,  removing  them  to  another,  and  then 
retaining  them  there  with  confiderable  force. 

EXPERIMENT  VII. 

The  poles  of  a magnet  may  be  afcertained 
with  greater  accuracy  by  means  of  the  fmall 
dipping  needle,  fig.  117,  place  this  on  a mag- 
net, and  move  it  backwards  and  forwards  till 
the  needle  is  perpendicular  to  the  magnet,  it 
will  then  point  diredUy  to  one  of  the  poles. 
When  it  is  between  the  north  and  fouth  poles, 
fo  that  their  mutual  actions  balance  each  othei 
the  center  of  the  needle  will  ftand  over  what 
is  called  the  equator  of  the  magnet,  and  the 
needle  will  be  exactly  parallel  to  the  bar.  If  it 
is  then  removed  towards  either  pole,  it  will  be 
differently  inclined  according  tp  its  diftance 
from  the  poles. 
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experiment  VIII. 

Hold  a common  fmall  fewing  needle  (with 
fome  thread  in  its  eye)  near  a magnet  for  a 
few  feconds,  then  bring  it  gradually  towards 
the  middle  of  a magnetic  bar,  and  the  powers 
of  the  magnet  will  fo  far  counteract  the  force 
of  gravity  as  to  keep  it  fufpended  in  the  air, 
in  a pofition  which  is  nearly  parallel  to  that  of 
the  magnet. 

There  is  no  magnetical  attraction  without 
polarity ; it  is  confequently-  nbfurd  to  fuppofe, 
that  a magnet  may  have  a ftrong  attractive 
power,  but  a weak  polarity,  or  diredive 
power. 


III.  THE  CONTRARY  POLES  OF  TWO  MAGNETS 
ATTRACT  EACH  OTHER. 

THE  NORTH  POLES  OF  TWO  MAGNETS,  WHEN 
BROUGHT  CONTIGUOUS,  REPEL  EACH  OTHER. 
THE  SOUTH  POLES  ALSO,  WHEN  BROUGHT 
NEAR,  REPEL  EACH  OTHER. 

Thefe  phenomena  are  eafily  illuftrated  by  a 
variety  of  pleafing  experiments. 

EXPERI- 
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experiment  IX. 

Sufpend  on  a point  a touched  needle,  then 
prefent  towards  its  north  pole  the  fouth  pole 
of  a magnet,  and  it  will  be  attracted  by,  and 
fly  towards  it ; prefent  the  other  pole  of  the 
magnet,  and  the  needle  will  fly  from  it. 

EXPERIMENT  X. 

Strew  a few  Heel  filings  upon  a pane  of  glafs, 
put  either  the  north  or  fouth  pole  of  one  of  the 
bars  under  the  pane ; the  filings  will  rife  upon 
the  glafs  as  the  magnet  approaches.  Bring 
the  fame  pole  of  the  other  bar  dire6tly  over 
that  under  the  glafs,  and  when  it  is  at  a pro- 
per diftance,  the  ftcel  filings  will  drop  flat  on 
the  pane. 


EXPERIMENT  XI. 

Fix  two  needles  horizontally  in  two  pieces  of 
cork,  and  put  them  in  water ; if  the  poles  of 
the  fame  name  are  placed  together,  they  will 
mutually  repel  each  other.  If  the  poles  of  a 
contrary  denomination  are  turned  towards  each 
other,  they  will  be  attracted  and  join. 
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E X F E R IMENT  XII. 

Dip  the  north  or  fouth  ends  of  two  magnets 
in  fteel  filings,  which  will  hang  in  clutters 
from  the  end  of  the  bars ; bring  the  ends  of 
the  bars  towards  each  other,  and  the  fteel  filings 
on  one  bar,  will  recede  from  thofe  on  the  other. 
Dip  the  fouth  pole  of  one  magnet,  and  the 
north  pole  of  the  other,  into  fteel  filings,  then 
let  the  ends  be  brought  near  to  each  other,  and 
the  tufts  of  filings  will  unite,  forming  fmall 
circular  arches. 

IV.  THE  POWERS  OR  PROPERTIES  OF  A 

MAGNET  MAY  BE  COMMUNICATED  TO  IRON 

OR  STEEL. 

To  give  a detail  of  the  various  proceftes 
which  have  been  fuggefted,  for  the  touching 
or  communicating  the  properties  of  the  mag- 
net to  iron  or  fteel,  would  alone  fill  a volume, 
I fhall  therefore  only  give  an  account  of  two 
general  and  good  methods  which  I prefume 
will  be  found  adequate  to  every  common  pur- 
pofe. 

i.  Place  two  magnetic  bars  AB,  fig.  ioo,  in 
a line,  with  the  north  or  marked  end  of  one, 
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oppofed  to  the  fouth  or  unmarked  end  of  the 
other,  but  at  fuch  a diftance  from  each  other, 
that  the  magnet  to  be  touched  may  reft  with  its 
marked  end  on  the  unmarked  end  of  A,  and 
its  unmarked  end  on  the  marked  end  of  B,  then 
apply  the  north  end  of  the  magnet  D and  the 
fouth  end  of  E to  the  middle  of  the  bar  C, 
the  oppofite  ends  being  elevated  as  in  the 
figure  ; draw  D and  E afunder  along  the  bar  C, 
pne  towards  A,  the  other  towards  B,  preferv- 
ing  the  fame  elevation,  remove  D and  C a foot 
or  two  from  the  bar  when  they  are  off  the 
ends,  then  bring  the  north  and  fouth  poles  of 
thefe  magnets  together,  and  apply  them  again 
to  the  middle  of  the  bar  C as  before ; repeat 
the  fame  procefs  five  or  fix  times,  then  turn 
the  bar,  and  touch  the  oppofite  furface  in  the 
fame  manner,  and  afterwards  the  two  remain- 
ing furfaces,  and  by  this  means  the  bar  will 
acquire  a ftrong  fixed  magnetifm. 

2.  Place  the  two  bars  which  are  to  be  touch- 
ed parallel  to  each  other,  and  then  unite  the 
ends  by  two  pieces  of  foft  iron  called  fuppor- 
ters,  in  order  to  preferve,  during  the  operation, 
the  circulation  of  the  magnetic  matter ; the 
bars  are  to  be  placed  fo  that  the  marked  end  D, 
fig.  101,  may  be  oppofite  the  unmarked  endB, 
then  place  the  two  attracting  poles  G and  I 
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on  the  middle  of  one  of  the  bars  to  be  touch- 
ed, raifing  the  ends  fo  that  the  bars  may  form 
an  obtufe  angle  of  ioo  or  120  degrees 3 the 
ends  G and  I of  the  bars  are  to  be  feparated 
two  or  three  tenths  of  an  inch  from  each  other. 
Keeping  the  bars  in  this  pofition,  move  them 
flowly  over  the  bar  A B,  from  one  end  to  the 
other,  going  from  end  to  end  about  fifteen 
times.  Having  done  this,  change  the  poles 
of  the  bars  and  repeat  the  fame  operation 
on  the  bar  C D,  and  then  on  the  oppofite 
faces  of  the  bars 3 the  touch,  thus  communi- 
cated, may  be  farther  increafed,  by  rubbing  the 
different  faces  of  the  bars  with  fets  of  magnetic 
bars  difpofed  as  in  fig.  102. 

It  feems,  that  in  order  to  render  fleel  magne- 
tical,  we  muft  fo  difpofe  the  pores  that  they 
may  form  contiguous  tubes  parallel  to  each 
other,  capable  of  receiving  the  magnetic  fluid, 
and  then  propagating  and  perpetuating  its  mo- 
tion, fo  that  the  magnetic  flream  may  enter 
with  eafe,  and  be  made  to  circulate  through 
it  with  the  greatefl  force : to  this  end,  it  is  ne- 
ceffary  to  be  particularly  attentive  in  the  choice 
of  the  fleel  which  is  to  be  touched  3 the  grain 

* That  is  the  marked  end  of  one  is  always  to  be  againit 
the  unmarked  end  of  the  other. 
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fhould  be  equal,  final],  homogenous,  and  with- 
out knots,  that  it  may  prefent  a number  of 
equal  and  uninterrupted  channels  to  the  fluid, 
from  one  end  to  the  other  : this  is  more  imme- 
diately important  in  the  choice  of  the  fteel  for 
the  needles  of  fea  compaffes,  for,  if  the  fteel  is 
impure,  or  the  mode  of  touching  improper,  the 
needle  may  have  different  poles  communicated 
to  it,  which  will  more  or  lels  impede  the  adtion 
of  the  principal  needle  according  to  their 
ftrength  and  fituation. 

The  fteel  fhould  be  well  tempered,  that  the 
pores  may  preferve  for  a long  time  the  difpofi- 
tion  they  have  received,  and  better  reft  ft  thofe 
changes  in  their  diredtion,  to  which  iron  and 
foft  fteel  are  liable.  The  difference  in  the  na- 
ture of  fteel  is  exceeding  great,  as  is  eafily 
proved  by  touching  in  the  fame  manner,  and 
with  the  fame  bars,  two  pieces  of  fteel  of  equal 
fize,  but  of  different  kind. 

Steel  that  is  hardened,  receives  a more  perfect 
magnetifm  than  foft  fte-el,  though  it  does  not 
appear  that  they  differ  from  each  other  in  any 
thing  but  the  arrangement  of  the  parts  ; perhaps 
the  foft  fteel  contains  phlogifton  in  its  largeft 
pores,  while  hardened  fteel  contains  it  in  the 
fmaller.  Iron,  or  fteel,-  have  very  little  ait- 
incorporated  in  their  pores;  when  they  are  ft- 
- feparated 
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, parated  from  the  ore,  they  are  expofed  to  a molt: 
intenfe  degree  of  heat,  and  moft  of  the  changes 
to  which  they  are  afterwards  fubmitted,  are  effect- 
ed in  a red  hot  ftate.  A piece  of  fpring- temper- 
ed lteel  will  not  retain  as  much  magnetifm  as 
hard  heel,  loft  heel  ftill  lefs,  and  iron  fcarce  re- 
tains any.  From  fome  experiments  of  Mr* 
Muffchenbroek,  it  appears,  that  when  iron  is 
united  with  an  acid,  it  will  not  become  magnet- 
ical ; but  if  the  acid  is  feparated,  and  the  phlo- 
giston reftored,  it  will  become  as  magnetical  as 
ever. 

The  dimenfions  and  Shape  of  a magnet  will 
make  a difference  in  its  force,  therefore  the  bars 
to  be  touched.  Should  neither  be  too  long  nor 
too  Ihort,  but  in  proportion  to  the  thicknels ; 
if  they  are  too  long,  the  paffage  of  the  magnetic 
matter  coming  out  of  one  pole,  and  proceed- 
ing round  the  magnet  to  enter  the  other,  will 
be  impeded,  and  its  velocity  leffened.  If  they 
are  too  Ihort,  the  fluid  which  comes  out  from 
one  pole,  will  be  repelled  and  thrown  back  by 
the  other  afting  parts  of  the  magnet,  and  thus 
be  carried  too  far  from  the  pole  into  which  it 
ought  to  enter,  and  prevent  the  continued  cir- 
culation of  the  magnetic  matter.  If  they  are 
too  thin,  then  the  number  of  pores  are  too  few 
to  receive  a ftream  fufficiently  ltrong  to  refill 
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the  obftacles  in  the  external  fpace;  while,  if 
they  are  too  thick,  the  ftrait  and  regular  di- 
rection of  the  channel  is  injured  by  the  difficulty 
which  takes  place  in  the  arrangement  of  the  in- 
terior channels,  as  the  magnetic  matter  has  not 
iufficient  force  to  penetrate  the  fteel  to  any  con- 
fiderable  depth,  and  thus  injures  the  circulation 
of  the  fluid. 

All  the  pieces  ffiould  be  well  polifhed;  it  is 

* 

of  the  greateft  importance  that  the  ends  ffiould 
be  flat  and  true,  lb  as  to  touch  in  as  many 
points  as  is  poffible,  the  ends  of  foft  iron  which 
keep  up  the  circulation.  Inequalities  on  the 
faces,  but  principally  near  the  poles,  are  to  be 
avoided,  as  thefe  occafion  irregularities  in  the 
circulation,  and  thus  diminiffi  its  velocity,  which 
is  one  of  the  principal  fources  of  magnetic 
power. 

While  the  bars  are  touching,  the  ends  of  foft 
iron  fhould  be  kept  in  conftant  contact  with  the 
bars,  for  a momentary  reparation  is  fufficient  to 
deftroy  the  effeft  of  the  operation,  as  the  fluid 
will  be  inftantly  difperfed  in  the  air. 

The  operator  ought  not  to  flop  longer  on  the 
firft  bar  than  is  neceflary  to  open  the  pores,  and 
to  arrange  them  magnetically,  paffing  immedi- 
ately to  the  other,  to  form  an  opening  for  the 
fluid  which  iflues  from  the  firft. 
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It  is  moft  advantageous  to  turn  the  bar  that  is 
quitted,  while  the  touching  magnets  are  placed 
on  the  other ; by  this  means,  the  ftream  that  is 
to  be  excited  will  difpofe  the  channels  of  the  firft, 
and  thus  render  the  operation  more  efficacious ; 
befides,  by  only  turning  one  bar  at  a time,  the 
touching  bars  need  never  be  totally  removed 
during  the  whole  operation,  acircumftance  which 
will  contribute  to  the  ftrength  of  the  magnet. 

The  touching  bars  ffiould  never  be  feparated 
but  at  the  equator  of  the  magnet;  and  their 
motion  over  the  others  ffiould  be  flow  and  re- 
gular. 

The  magnetic  power  of  touching  needles  has 
been  increafed  by  leaving  them  for  fome  time  in 
linfeed  oil. 

It  may  contribute  to  the  effects  of  the  ope- 
ration if  the  bars  A and  B,  fig.  100,  are  placed 
in  the  diredtion  of  the  magnetic  meridian,  and 
are  inclined  to  the  horizon  in  an  angle  equal  to 
the  dip  of  the  needle. 

The  fixed  power,  thus  communicated  to  a 
magnet,  is  impaired  if  it  is  laid  amongfl  iron, 
or  by  ruff ; it  may  be  injured  alfo  by  fire,  as  each 
of  thefe  circumflances  will  change,  or  confufe 
the  diredtion  of  the  magnetic  ftream. 

Place  a finall  magnetic  needle  on  the  point  of 
one  of  the  fmall  Hands,  and  put  it  between  two 
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inagiletic  bars,  fo  that  the  north  end  of  the  bar 
may  be  near  the  fouth  end  of  the  needle ; the 
fmall  needle  will,  without  any  apparent  caufe* 
be  thrown  into  a violent  vibratory  motion,  and 
feem  as  it  were  animated,  till  it  is  faturated  with 
magnetifm,  when  it  will  become  quiefcent.  The 
vibratory  motion  is  probably  occafioned  by  the 
irregularity  of  the  impreflions  it  receives  from 
the  magnetic  fluid,  and  the  difficulty  that  fluids 
find  in  entering  the  needle. 

All  caufes  that  are  capable  of  making  the  mag- 
netic fluid  move  in  a dream,  will  produce  mag- 
netifm in  thofe  bodies  which  are  properly  qua- 
lified to  receive  it. 

If  bars  of  iron  are  heated,  and  then  cooled 
equally,  in  various  directions,  as  parallel,  per- 
pendicular, or  inclined  to  the  dipping  needle, 
the  polarity  will  be  fixed  according  to  their  po- 
fition,  dronged  when  they  are  parallel  to  the 
dipping  needle,  and  fo  lefs  by  degrees,  till 
they  are  perpendicular  to  it,  when  they  will 
have  no  fixed  polarity;  but  if  upon  cooling  a 
bar  of  iron  in  water,  the  under  end  is  confided 
ably  hotter  than  the  upper,  and  the  upper  end 
is  cooled  fird,  it  will  fometimes  become  the 
north  pole,  but  not  always.  If  iron,  or  deel, 
undergo  a violent  attrition  in  any  one  particu- 
lar part,  they  will  acquire  a polarity;  if  the 
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iron  is  foft,  the  magnetifm  remains  very  little 
longer  than  while  the  heat  continues.  Light- 
ening is  the  ftrongeft  power  yet  known  in  pro- 
ducing a ftream  of  magnetifm  ; it  will,  in  an  in- 
ftant,  render  hardened  heel  Itrongly  magnetical, 
and  invert  the  poles  of  a magnetic  needle. 

To  make  a magnetical  bar  with  feveral 
poles,  place  magnets  at  thofe  parts  where  the 
poles  are  intended  to  be,  the  poles  to  be  of  a 
contrary  name  to  thofe  required,  and  if  a fouth 
pole  is  fixed  on  one  part,  the  two  next  places 
muft  have  north  poles  fet  againft  them ; con- 
fider  each  piece  between  the  fuppoiters  as  a 
feparate  magnet,  and  touch  it  accordingly. 

EXPERIMENT  XIII. 

Take  a piece  of  iron  wire  and  bend  it  into  the 
form  of  a ftaple,  then  touch  the  middle  of  the 
wire  ftaple  with  only  one  of  the  poles  of  a mag- 
net ; without  moving  it  backwards  or  forwards, 
the  place  where  the  magnet  touches  the  wire 
will  be  one  pole,  and  the  two  ends  the  other 
pole. 

E X P E R I M E T XIV. 

Take  any  number  of  fmall  fteel  bars,  lay  them 
end  to  end,  and  touch  them  while  in  this  por- 
tion ; 
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tion  i when  you  feparate  them  there  will  be  a 
north  and  a fouth  pole  at  every  reparation.  See 
a fimilar  experiment  in  the  elTay  on  electricity. 


experiment  xv. 

Touch  apiece  of  iron  wire,  and  then  twift  it 
about  a large  glafs  tube  or  any  other  cylindrical 
body,  and  the  magnetic  virtue  will  be  fo  dil- 
tuibed  that  in  fome  parts  it  will  attract,  and  in 
others  repell  the  fame  pole  of  a magnetic  needle. 


TO  TOUCH  HORSESHOE  MAGNETS. 

As  thefe  magnets  from  their  form  are  capable 
of  luftaining  great  weights,  and  maintaining  the 
circulation  of  the  magnetic  fluid,  I fhall  defcribe 
a convenient  mode  of  touching  them. 

Place  a pair  of  magnetic  bars  againft  the  ends 
of  the  horfeflioe  magnet,  with  the  fouth  end  of 
the  bar  againft  that  end  of  the  horfeflioe,  which 
is  intended  to  be  the  north ; and  the  north  end 
of  the  other  bar  to  that  which  is  to  be  the  fouth. 
The  contact  or  lifter  of  foft  iron  to  be  placed  at 
the  other  end  of  the  bars.  In  this  fituation  the 
magnetic  fluid  which  circulates  through  the 
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bars  will  endeavour  to  force  a paflfage  through! 
the  horfefhoe  magnet,  and  thus  facilitate  the 
further  communication  of  the  magnetic  virtue 
to  the  horfefhoe  magnet : to  this  end,  rub  the 
furfaces  of  the  horfefhoe  with  a pair  of  bars  placed 
in  the  form  of  a compafs  turning  the  poles  properly 
towards  the  poles  of  the  horfe  fhoe-magnet,  be- 
ing careful  that  thefe  bars  never  touch  the  ends- 
of  the  ftrait  bars,  as  this  would  difturb  the 
current  of  the  magnetic  fluid,  and  injure  the 
operation.  If  the  bars  are  feparated  fuddenly 
from  the  horfefhoe-magnet,  its  force  will  be  con- 
fiderably  diminifhed  ; to  prevent  this,,  flip  on 
the  lifter  or  fupport  to  the  end  of  the  horfefhoe- 
magnet,.  but  in  fuch  a manner,  however,,  that  it 
may  not  touch  the  bars,  the  bars  may  then  be 
taken  away,  the  fupport  Aid  to  its  place, 
and  left  there  to-  ftrengthen  the  circulation  of 
the  fluid. 


TO  MAKE  AN  ARTIFICIAL  LOADSTONE. 

The  late  Dr.  Gowin  Knight  pofTefled  a furprif- 
ing  fkill  in  magnetifm,  beings  able  to  commu- 
cate  an  extraordinary  degree  of  attractive  and 
repulflve  power,  and  to  alter  or  reverfe  the  pole 
at  pleafure,  but  as  he  refufed  to  dilcover  his 
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methods,  thcfe  curious  and  valuable  fecrets 
tiied  with  him.  In  the  LXIXth  volume  of  the 
Philofophical  Trani  actions,  however,  Mr.  Ben- 
jamin Wilfon  has  given  a procefs,  which  dif- 
covers  one  cf  the  leading  principles  of  Dr. 
Knight  s art;  narm-.y  his  method  of  making 
artificial  loadftones. — To  this  end  Dr.  Knight 
provided  himfelf  with  a fufficient  quantity  |o.f 
•clean  iron  filings,  he  put  them  into  a large  tub 
more  than  one  third  filled  with  water,  he  then 
with  great  labour  worked  the  tub  to  and  fro  far 
many  hours  together,  that  the  fridtion  between 
•the  grains  of  iron  by  this  treatment,  might  break 
off  fuck  fmaller  parts  as  would  remain  fufpended 
in  the  water  for  a time.  The  obtaining  thefe 
very  fmall  particles  in  fufficient  quantity,  feem- 
ed  to  him  to  be  one  of  the  principal  defiderata 
in  the  experiment.  The  water  being  by  this 
means  rendered  muddy,  he  poured  the  fame  in  - 
to  a clean  iron  veffel,  leaving  the  filings  behind, 
and  when  the  water  had  flood  long  enough  to 
become  clear,  he  poured  it  out  carefully,  with- 
out difturbingfuch  of  the  fediment  as  ftill  remain- 
ed, which  now  appeared  reduced  almoft  to  an 
impalpable  pov/der.  This  powder  was  after- 
wards removed  into  another  veffel  in  order  to 
dry  it,  but  as  he  could  not  obtain  a proper  quan- 
tity thereof  by  this  one  procefs.  he  was  obliged 
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to  repeat  the  procefs  many  times.  Having  at 
laft  procured  a fufficient  q uantity  of  this  fine  pow- 
der, the  next  thing  was  to  make  a pafte  of  it ; 
and  that  with  fome  vehicle  that  fliould  contain 
a fufficient  quantity  of  the  phlogiftic  principle, 
for  this  purpofe  he  ufed  linfeed  oil,  and  with 
thofe  two  ingredients  he  made  a puff  pafte,  and 
took  particular  care  to  kneed  it  well  before  ho 
moulded  it  into  convenient  fhapes.  This  pafte  was 
then  put  on  wood  or  tiles  at  about  a foot  diflance 
from  a moderate  fire,  a great  degree  of  heat 
frequently  cracked  the  compofition.  The  time 
for  breaking  or  drying  this  pafte  was  generally 
five  or  fix  hours,  at  which  time  they  had  ge- 
nerally attained  a fufficient  degree  of  hardnefs  ; 
when  this  was  done,  he  gave  them  the  magnetic 
virtue  in  any  direction  he  pleafed  by  placing 
them  for  a few  fcconds  between  his  large  maga- 
zine of  artificial  magnets,  where  they  acquired 
fuch  force,  that  when  any  of  their  pieces  were 
held  between  two  of  his  beft  ten  guinea  bars, 
with  its  poles  purpofely  inverted,  it  immediately 
turned  itfelf  about  to  recover  its  natural  direction, 
which  the  force  of  thofe  very  powerful  bars  were 
not  able  to  counteract. 

Ruft  of  iron  and  common  ftone  cemented 
together  by  any  fat  fubftance  will  all'o  form  an 
artificial  loadftone. 

OF 
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OF  ARMED  MAGNETS. 

In  a ftrait  loadftone  or  magnet,  the  dream  is 
carried  back  on  all  Tides  in  curved  lines,  but 
applying  plates  of  Toft  iron  to  the  poles  of  the 
magnet  the  direction  of  the  fluid  is  changed, 
and  it  is  conducted,  united  and  condenfed  at  the 
feet  to  the  armour,  fo  that  if  the  feet  are  connedt- 
ed  by  another  piece  of  iron  which  is  called  the 
lifter,  the  ftream  proceeding  from  one  pole  will 
be  carried  by  the  lifter  to  the  other,  which  caufes 
it  to  adhere  with  confiderable  force. 

The  armour  fhould  be  made  of  foft  homo- 
genious  iron,  well  fitted  to  the  ends  of  the  mag- 
nets, it  fhould  alfo  be  thicker  in  proportion  as 
the  diftance  of  the  poles  from  each  other  in  - 
creafes. 


experiment  xvi. 

Place  an  armed  magnet  under  a glafs  plane 
which  has  been  ftrewed  over  with  fteel  filings, 
and  thefe  will  arrange  themfelves  in  curves  from 
one  foot  of  the  armour  to  the  other. 

Gaflendi  invented  a peculiar  kind  of  armour, 
which  was  formed  by  piercing  a magnet  in  the 
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direflion  of  the  axis,  and  placing  a cylinder  of 
iron  in  the  hole,  which  augmented  confiderably 
the  force  of  the  magnet. 


EXPERIMENT  XVII. 

Mr.  Van  Swinden  applied  to  an  artificial 
magnet  B.  fig.  106,  which  fupported  four 
ounces  by  its  north  pole,  another  magnet  b, 
fo  that  its  north  pole  was  almoft  half  an  inch 
from  the  pole  which  fupported  the  weight,  and 
this  pole  immediately  fupported  feven  ounces. 
Du  Hamel,  Le  Maire,  &c.  have  alfo  made 
many  curious  experiments  on  this  head. 

EXPERIMENT  XVIII. 

Apply  a bar  of  iron  M N,  fig.  107,  to  one 
foot  of  an  armed  magnet,  and  it  is  fupported, 
approach  the  iron  lifter  of  the  magnet  fo  that  it 
may  touch  this  bar  and  the  armour  j and  the  bar 
will  fall. 

EXPERIMENT  XIX. 

Apply  to  the  pole  B,  fig.  108,  a fmall  piece 
of  iron,  nearly  as  much  as  that  foot  of  the 
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armour  will  fuftain  ; let  this  piece  of  iron  reach 
a little  beyond  the  foot  of  the  armour,  then 
apply  the  lifter  to  the  foot  A,  fo  that  it  may 
touch  the  piece  of  iron  M ; and  the  magnet  will 
then  fupport  a confiderable  addition  of  weight. 


EXPERIMENT  XX. 

If  one  end  of  the  armour  of  a magnet  only 
juft  fuftains  an  iron  ball,  it  will  fupport  two  or 
three  balls,  if  the  contrary  pole  of  a magnet  is 
brought  near  it. 

EXPERIMENT  XXT. 

f 

Place  an  armed  magnet  at  the  magnetic 
equator  and  fome  diftance  from  a magnetic 
needle,  and  mark  how  much  it  makes  it  deviate 
from  its  fituation.  Apply  the  contrary  pole  of 
another  magnet  to  the  end  of  the  armed  one,  and 
the  needle  will  be  more  ftrongly  attradled. 

V.  LET  AN  IRON  ROD  BE  EXACTLY  BALANCED 
AND  SUSPENDED  ON  A POINT,  SO  AS  TO 
REVOLVE  IN  A PLANE  PARALLEL  TO  THE 
HORIZON;  COMMUNICATE  THE  MAGNETIC 

VIRTUE 
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VIRTUE  TO  THIS  ROD,  AND  ONE  EXTREMITY 
WILL  BE  ALWAYS  DIRECTED  TOWARDS  THE 
FORTH. 


EXPERIMENT  XXII. 

Place  any  of  the  untouched  needles  in  the 
apparatus  on  a point,  and  it  may  be  fixed,  or 
will  remain  in  any  required  fituation;  com- 
municate the  magnetic  virtue  to  it,  and  it  will 
no  longer  be  indifferent  as  to  its  fituation  j but 
will  fix  upon  one,  in  preference  to  any  other, 
one  end  pointing  towards  the  north,  the  other 
towards  the  fouth. 

EXPERIMENT  XXIII. 

Float  a magnet  on  water  by  means  of  cork, 
and  it  will  place  itfelf  in  the  diredtion  of  the 
magnetic  meridian.  A terella  floated  on  quick- 
filver  will  do  the  fame,  the  magnetic  axis  con- 
forming itfelf  to  the  diredtion  of  the  meridian. 

It  is  not  improbable,  that  in  fome  future  pe- 
riod, it  may  be  difcovered,  that  moft  bodies 
are  poffeffed  of  a polarity,  and  will  affume  di- 
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redtions  relative  to  the  various  affinities  of  the 
elements  of  which  they  are  compounded. 

The  diredtive  power  of  a touched  needle  k 
of  the  greateft  importance  to  mankind,  as  it  en- 
ables the  mariner  to  traverfe  the  ocean,  and  thus 
unite  the  arts,  manufactures,  and  knowledge  of 
diftant  countries,  together.  The  furveyor,  the 
miner,  and  the  aftronomer,  derive  many  ad- 
vantages from  this  wonderful  property. 

The  mariner’s  compafs  confifts  of  three  parts, 
the  box,  the  card  or  fly,  and  the  needle. 

The  card  is  a circle  of  ftiff  paper  reprefent- 
ing  the  horizon,  with  the  points  of  the  compafs 
marked  on  it ; the  magnetical  needle  is  fixed  to 
the  under  fide  of  this  card  -s  the  center  of  the 
needle  is  perforated,  and  a cap,  with  a conical  agate 
at  its  top,  is  fixed  in  this  perforation  this  cap  is 
hung  on  a fteel  pin,  which  is  fixed  to  the  bot- 
tom of  the  box,  fo  that  the  card  hanging  on  the 
pin  turns  freely  round  its  centre  one  of  die 
points  being  from  the  property  of  the  needle 
always  diredted  towards  the  north  pole.  The 
box  which  contains  the  card  and  needle,  is  a 
circular  brafs  box  hung  within  a fquare  wooden 
one,  by  two  concentric  rings  called  jimbals,  fo 
fixed  by  crofs  centres  to  the  two  boxes,  that  the 
inner  one  ffiall  retain  an  horrizontal  pofition  in 
all  motions  ot  the  (hip.  The  top  of  die  injier 

box 
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box  has  a cover  of  glafs  to  prevent  the  card  from 
being  diiturbed  by  the  wind.* 

It  has  been  already  obferved,  that  the  anti- 
ents,  • do  not  feem  to  have  been  acquainted  with 
the  directive  power  of  the  magnet.  The  only 
thing  that  ferns  capable  of  being  miftook  for 
fome  fuch  knowledge,  is  what  Jamblichus  tells 
us  in  his  life  of  Pythagoras,  That  Pythagoras  took 
from  Abaris,  the  Hyperborean,  his  golden  dart, 
without  which  it  was  impojjible  for  him  to  find  his 
road . But  the  authority  of  the  writer,  as  well 

as  the  obfcurity  of  the  paflage,  prevents  any 
conclufion  being  drawn  from  it. 

Paul  the  Venetian,  is  faid  to  have  introduced 
the  ufe  of  the  compafs  in  1 260,  but  this  is  faid 
not  to  have  been  his  own  invention,  but  bor- 
rowed from  the  Chinefe.  P.  Gaubil  fays,  the 
directive  power  of  the  needle  was  known  to  the 
Chinefe  as  early  as  the  year  A.  D.  223,  under 
the  Dynafty  of  Haz.  But  the  Abbi  Renaudot 
in  his  Differtation  on  the  Stone,  when  the  Ma- 
homedans  went  firft  to  China,  has  adduced 

* Before  the  compafs  was  invented,  the  navigating  of 
fliips  was  a tedious  and  precarious  operation,  and  fcldoin 
performed  out  of  fight  of  land  ; but  this  inftrument  en- 
ables the  mariner  to  travel  over  the  fcas  almofl:  in  as  direct 
and  true  a trad  as  the  land  carrier  direds  his  carriage  in  a 
well  beaten  road. 

ftrong 
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ftrong  reafons  to  prove  that  the  Chinefe  knew 
nothing  of  the  mariners  compafs,  till  it  was  in- 
troduced there  by  the  Europeans.  Vertomanus 
affirms  that  A.  D.  1500  he  faw  an  Eaft  Indian 
pilot,  diredt  his  courfe  by  a compafs  framed* 
and  fattened  like  thofe  ufed  in  Europe;  but  this 
mutt  be  received  with  fome  caution,  as  Mr. 
Barlow  in  1597.  fays  that  in  a perfonal  conference 
with  two  Eaft  Indians  he  was  told  by  them  that 
inftead  of  our  compafs  they  made  ufe  of  a mag- 
netical  needle  of  fix  inches  or  longer,  fet  upon  .3. 
pin  in  a diffi  of  white  China  earth  filled  with 
water;  that  in  the  bottom  of  the  diffi  they  had 
two  crofs  lines,  to  mark  the  four  principal  winds* 
and  that  the  reft  of  the  divifions  were  left  to  the 
fkill  of  the  pilot.  But  to  return  to  Europe, 
Mr.  Perrault  in  his  parallel  between  the  antients 
and  the  moderns  has  cited  fome  verfes  of  Guyot 
de  Provins,  who  wrote  in  ii3o,  which  ffiew 
diftindtly  that  the  mariners  compafs  was  known, 
in  the  South  of  France  at  that  time. 

, . tf  There  is,”  fays  he, 

“ A ftar  that  never  moves, 

<f  And  an  art  that  ne’er  deceives, 

“ By  virtue  of  the  compafs, 

<f  An  ugly  black  ftone 
<c  Which  always  attradh  iron.” 
Though  by  moft  writers  the  invention  of  the 


com- 


43°  an  essay  on 

compafs  is  afcribed  to  Flavio  Goia  of  Analfi  i ft 
Campanee,  who  lived  about  the  year  1300.  He  is 
faid  to  be  the  firft  that  applied  it  to  navigation 
in  the  Mediterranean. 

Mr.  de  Lalande  informs  us  that  in  “ Le 
trcfor  de  Brunet,”  a manufcript  in  the  French 
king’s  library,  there  is  a paffage  which  proves 
that  the  compafs  was  made  ufe  of  about  the  year 
1260. 

VI.  THE  NEEDLE  OF  THE  MARINER’S  COMPASS) 
DOES  NOT  POINT  EXACTLY  TO  THE  NORTH, 
BUT  IS  OBSERVED  TO  CHANGE  ITS  AZIMUTH, 
POINTING  SOMETIMES  TOWARDS  THE  EAST, 
AND  SOMETIMES  TO  THE  WEST  OF  THE 
MERIDIAN. 

Fig.  109,  N S,  reprefents  the  true  merridian 
line ; and  E S,  the  eaft  and  weft  line  which  is 
perpendicular  to  it;  now  the  magnetic  needle 
A B,  does  not  dire6t  itfelf  fo  as  to  coincide  with 
the  meridian  line  N S,  but  feparates  itfelf  fo  as 
to  form  an  angle  N C B,  at  prefent  of  about 
22  degrees. 

This  deviation  from  the  meridian  is  called 
the  variation  of  the  needle,  and  is  different  at 
different  parts  of  the  world,  being  weft  at  fome 
places,  eaft  at  others,  and  in  parts  where  the 
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variation  is  of  the  fame  name,  its  quantity  is 
very  different. 

Though  the  diredfive  power  of  the  compais 
was  applied  to  the  purpofes  of  navigation  in  the 
fourteenth  and  fifteenth  century,  it  does  not 
appear  that  there  were  any  apprehenfions  during 
that  time  of  its  pointing  otherways  than  due 
north  and  fouth. 

The  variation  of  the  compafs  is  faid  to  have 
been  firft  difcovered  by  Columbus,  in  his  voy- 
age, the  latter  end  of  the  fifteenth  century,  for 
the  difcovery  of  that  part  of  the  world  which  is 
now  called  the  Weft  Indies.  But  the  firft  perfon 
who  difcovered  that  it  was  real,  and  was  the 
fame  to  all  needles  in  the  fame  place,  is  generally 
allowed  to  be  Sebaftian  Cabot.  This  was  about 
the  year  1497. 

After  the  variation  was  difcovered  by  Cabot, 
it  was  thought,  for  a long  time,  to  be  invariably 
the  fame,  at  the  fame  places,  in  all  ages;  but 
Mr.  Gellibrand,  about  the  year  1625,  difcover- 
ed that  it  was  different  at  different  times,  in  the 
fame  place. 

From  fucceffive  obfervations  made  afterwards, 
it  appears  that  this  deviation  was  not  a conftant 
quantity,  but  that  it  gradually  diminifhed,  and 
at  laft  about  1660  it  was  found  that  the  needle 
pointed  due  north  at  London,  and  has  ever  fince 

been 
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been  increafing  to  the  weftward  of  the  north* 
So  that  in  any  one  place  the  variations  have  a kind 
of  libratory  motion,  traverfing  through  the  north 
to  unknown  limits  eaft ward  and  weftward. 

Dr.  Halley  in  the  laft  century  publifhed  a 
theory  of  the  variation  of  the  compafs.  In  this 
work,  he  fuppofes  that  there  are  four  magnetic 
poles  in  the  earth ; two  of  which  are  fixed,  and 
two  moveable,  by  which  he  explains  the  different 
variation  of  the  compafs  at  different  times  in 
the  fame  place.  But  it  is  impoftible  to  apply 
exa£t  calculations  to  fo  complicated  an  hypo- 
thefis. 

Mr.  Euler  has  fhewn  that  two  magnetic  poles 
placed  on  the  furface  of  the  earth  will  fufficiently 
account  for  the  fingular  figure  affumed  by  the 
lines  which  pafs  through  all  the  points  of  equal 
variation  in  the  chart  of  Dr.  Halley. 

Mr.  Euler  firft  examines  the  cafe  wherein  the 
two  magnetic  poles  are  diredtly  oppofite, 
fecondly,  he  places  them  in  two  oppofite  me- 
ridians but  at  unequal  diftances  from  the  poles  of 
the  world ; thirdly,  he  places  them  in  the  fame 
meridian.  Finally  he  confiders  them  fituated 
on  two  different  meridians.  Thefe  four  cafes 
may  become  equally  important ; becaufe,  if  it  is 
determined  that  there  are  only  two  magnetic 
poles*  and  that  thefe  poles  change  their  fituation, 

it 
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it  may  hereafter  be  difcovered  that  they  pais 
through  all  the  different  pofitions. 

Mr.  Euler  after  having  examined  the  different 
cafes,  finds  that  they  alfo  exprefs  the  earth’s  mag- 
netifm,  as  reprefented  in  the  chart  publifhed  by 
Meffrs.  Mountaire  and  Dodfon  in  1744,  parti- 
cularly throughout  Europe  and  North  America, 
if  the  following  principals  are  eftablifhed. 

Between  the  ar£tic  pole  and  the  magnetic  pole 
1 4°  53  * Between  the  antar&ic  and  the  other 
magnetic  pole  29°  23,  530  18  the  angle  at  the 
north  pole  formed  by  the  meridian’s  paffing 
through  the  two  magnetic  poles,  250 9 the  lon- 
gitude of  the  meridian,  which  paffes  over  the 
northern  magnetic  meridian. 

I fhall  now  give  a fhort  defcription  of  a va- 
riation compafs , an  inftrument  which  is  ufed  to 
obferve  with  accuracy,  the  deviation  of  the  needle 
from  the  meridian.  To  this  end  it  fhould  poffefs 
the  following  properties. 

1 . That  it  may  be  eafily  and  accurately  placed 
in  the  meridian. 

2.  It  fhould  indicate  fmall  variations  of  the 
needle. 

3.  That  the  noniues  which  marks  the  fmall 
variation  of  the  needle  may  be  moved  without 
difturbing  it. 

4.  That  the  needle  may  be  eafily  taken  off  and 
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inverted  to  difcover  whether  the  line  marked  on 
the  needle  coincides  with  the  dire&ion  of  mag- 
netifm  in  the  needle. 

Fig.  no  reprefents  a variation  compafs  which 
it  is  prefumed  will  anfwerthe  foregoing  purpofes. 
It  has  a glafs  cover  which  is  made  to  Aide  on 
or  to  be  taken  off  occafionally,  two  graduated 
arches  are  fixed  at  each  end  of  the  box  with  a 
moveable  nonius  to  each  arch,  the  nonius  are 
both  moved  by  means  of  the  milled  nut  A.  with- 
out difturbing  the  fituation  of  the  needle. 

The  inftrument  is  placed  in  the  meridian  by 
a telefcope,  whofe  line  of  collimation  is  parallel 
to  the  zero  line  of  the  inftrument.  The  telef- 
cope is  to  be  placed  in  two  forks,  in  die  manner 
advifed  by  Mr.  Magellan  in  his  Colle&ion  de 
differens  Taites  fur  des  inftrumens  D’Aftro- 
nomie,  &c.  p.  227,”  where  the  reader  will  find 
fome  obfervations  on  the  adjuftments,  which  are 
too  long  to  be  introduced  in  this  eftay.  When 
the  inftrument  is  placed  in  the  meridian,  the 
method  of  obferving  is  to  move  the  northern 
nonius  till  the  middle  divifion  coincides  with  the 
line  on  that  end  of  the  needle;  and  the  nonius 
will  then  fliew  the  angle  that  end  of  the  needle 
makes  with  the  meridian.  If  the  line  on  the 
fouthern  end  of  the  needle  coincides  with  the 
middle  divifion  of  its  nonius,  the  foregoing  ob- 
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feryation  is  fufficient;  if  not,  the  fouthern  no- 
nius muft  be  moved  till  it  coincides  with  this 
end  of  the  needle,  and  tjie  .mean  between  the 
two  numbers  thus  found  will  be  the  true  angle. 

The  needle  is  fo  conllrudted,  that  it  may  be 
readily  taken  off  the  cap  and  inverted,  in  order 
to  obferve  with  the  under  face  of  the  needle  up- 
permoft,  to  difcover  whether  the  line  on  the 
needle  is  parallel  to  the  direction  of  the  mag- 
netifm  in  the  needle,  and  hence  difcover  whether 
this  line  gives  the  true  angle  which  the  direction 
of  magnetifm  makes  with  the  meridian.  Hav- 
ing made  the  obfervation  as  before  with  both 
ends  of  the  needle,  invert  and  obferve  what  is 
now  fhewn  by  die  inverted  ends  of  the  needle, 
and  if  the  line  is  parallel  to  the  dredtion  of  the 
magnetifm  in  the  needle,  the  mean  of  the  ob- 
fervation with  the  inverted  ends,  will  agree  with 
the  foregoing;  on  the  other  hand,  if  it  is  not 
parallel  to  the  diredtion  of  magnetifm,  but 
makes  it  appear  too  much  when  the  needle  is 
upright,  it  will  appear  as  much  lefs  when  in- 
verted, fo  that  the  mean  of  the  foregoing  means 
is  the  true  angle  which  the  needle  makes  with  the 
. zero  line  of  the  compafs. 

About  the  year  1722  and  1723,  Mr.  George 
Graham  made  a great  number  of  obfervations 
on  the.  diurnal  variations  of  the  magnetic  needle. 
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In  the  year  1750,  Mr.  Wargentin  took  notice 
of  the  regular  diurnal  variation  of  the  needle? 
and  alfo  of  its  being  diflurbed  at  the  time  of 
an  aurora  borealis.  About  the  latter  end  of  the 
year  1756,  Mr.  Canton  began  to  make  ob- 
lervations  on  the  variation,  and  1759  communi- 
cated the  following  valuable  experiments  to  the  • 
Royal  Society. 

The  obfervations  were  made  by  him  for  603 
days,  on  574,  out  of  thefe,  the  diurnal  variation 
was  regular.  The  abfolute  variation  of  the 
needle  weflward,  was  encreafing,  from  about 
eight  or  nine  o’clock  in  the  morning,  till  about 
one  or  two  in  the  afternoon,  when  the  needle  be- 
came flationary  for  fome  time ; after  that  the 
variation  weflward  was  decreafing,  and  the 
needle  came  back  again  to  its  former  fituation  in 
the  night,  or  by  the  next  morning. 

THE  DIURNAL  VARIATION  ISIRREGULAR  WHEN 
THE  NEEDLE  MOVES  SLOWLY  EATSWARD,  IN 
THE  LATTER  PART  OF  THE  MORNING,  OR 
WESTWARD  IN  THE  LATTER  PART  OF  THE 
AFTERNOON;  ALSO  WHEN  IT  MOVES  MUCH 
EITHER  WAY  AFTER  NIGHT,  OR  SUDDENLY 
BOTH  WAYS  IN  A SHORT  TIME. 

Thefe  irregularities  feldom  happen  more  than 

once 
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once  or  twice  in  a month,  and  are  always  ac- 
companied with  an  aurora  borealis. 

The  attradlive  power  of’ a magnet  will  decreafe 
while  it  is  heating,  and  increafe  while  it  is  cool- 
ing ; the  greater  the  force  of  the  fame  magnet, 
the  more  it  will  loofe  in  a given  degree  of  heat. 

experiment  xxiv. 

About  ENE  from  a compafs,  a little  more 
than  three  inches  in  diameter,  Mr.  Canton 
placed  a finall  magnet  two  inches  long,  half 
an  inch  broad,  and  three-twentieths  of  an  inch 
thick,  parallel  to  the  magnetic  meridian  ; and  at 
fuch  a di fiance,  that  Jthe  power  of  the  fouth  end 
of  the  magnet  was  but  juft  fufficient  to  keep  the 
north  end  of  the  needle  to  the  NE  point,  or  to 
45  degrees. 

The  magnet  being  covered  by  a brafs  wreight 
of  fixteen  ounces,  about  two  ounces  of  boiling; 
water  was  poured  into  it,  by  which  means  the 
magnet  was  gradually  heating  for  leven  or  eight 
minutes;  and  during  that  time,  the  needle 
moved  about  three  quarters  of  a degree  weft- 
ward,  and  became  ftationary  at  44°-;  in  nine 
minutes  more,  it  came  back  a quarter  of  a de- 
gree, or  to  440  f ; but  was  fome  hours  before 
it  gained  its  former  fituation,  and  flood  at  45  °. 
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E XPER  IMENT  XXV. 

On  each  fide  of  the  compafs,  and  parallel  to 
the  magnetic  meridian,  he  placed  a flrong  mag- 
net, of  the  fize  above-mentioned  ; fo  that  the 
fouth  ends  of  both  the  magnets  adted  equally 
on  the  north  end  of  the  needle,  and  kept  it  in 
the  magnetic  meridian  j but  if  either  of  the 
magnets  was  removed,  the  needle  was  attracted 
by  the  other,  lb  as  to  Hand  at  45  degrees.  The 
magnets  were  both  covered  with  brafs  weights 
of  fixteen  ounces  each.  Into  the  eaftern  weight 
about  two  ounces  of  boiling  water  was  poured  ; 
and  the  needle  in  one  minute  moved  half  a de- 
gree, and  continued  moving  weflward  for  about 
feven  minutes,  when  it  arrived  at  2°l.  It  was 
then  flationary  for  fomt  time ; but,  in  twenty 
four  minutes  from  the  beginning,  it  came  back 
to  2°4,  and  in  fifty  minutes  to  2°~.  He  then 
filled  the  weflern  weight  with  boiling  water,  and 
in  one  minute  the  needle  came  back  to  in 
fix  minutes  more  it  flood  half  a degree  eafl- 
ward  ; and  after  that,  in  about  forty  minutes, 
it  returned  to  the  magnetic  north,  or  its  firft 
fituation. 

It  is  evident,  that  the  magnetic  parts  of  the 
earth  in  the  north  on  the  eafl  fide  and  the  mag- 
netic 
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netic  parts  of  the  earth  in  the  north  on  the  weft 
fide  of  the  magnetic  meridian,  equally  attract: 
the  north  end  of  the  needle.  If  then  the  eaftern 
magnetic  parts  are  heated  fafter  by  the  fun  in 
the  morning,  than  the  weftern,  the  needle  will 
move  weftward,  and  the  abfolute  variation  will 
encreafe  ; when  the  attracting  parts  of  the  earth 
on  each  fide  of  the  magnetic  meridian  have  their 
heat  increafing  equally,  the  needle  will  be  fta- 
tionary,  and  the  abfolute  variation  will  then  be 
greateft ; but,  when  the  weftern  magnetic  parts 
are  either  heating  fafter,  or  cooling  flower  than 
the  eaftern,  the  needle  will  move  eaftward,  or 
the  abfolute  variation  will  decreafe  ; and  when 
the  eaftern  and  weftern  magnetic  parts'  are  cool- 
ing equally  fall,  the  needle  will  again  be  fta- 
tionary,  and  the  abfolute  variation  will  then  be 
leaft.  This  may  be  ftill  further  illuftrated,  by 
placing  the  compafs  and  two  magnets,  as  in  the 
laft  experiment,  behind  a fcreen  near  the  middle 
of  the  day  in  fummer  ; then,  if  the  fcreen  be 
fo  moved,  that  the  fun  may  fhine  only  on  the 
eaftern  magnet,  the  needle  will  fenfibly  vary  in 
its  direction,  and  move  towards  the  weft ; and 
if  the  eaftern  magnet  be  fhaded,  while  the  fun 
fliines  on  the  weftern,  the  needle  will  move  the 
contray  way.  By  this  theory,  the  diurnal  va- 
riation in  the  fummer  ought  to  exceed  that  in 
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the  winter ; and  we  accordingly  find  by  obfer- 
vation,  that  the  diurnal  variation  in  the  months 
of  June  and  July,  is  almoft  double  that  of  De- 
cember and  January. 

The  irregular  diurnal  variation  muft  arile 
from  fome  other  caufe  than  that  of  heat  com- 
municated by  the  fun ; and  here  we  muft  have 
recourfe  to  fubterranean  heat,  which  is  gene- 
rated without  any  regularity  as  to  time,  and 
which  will,  when  it  happens  in  the  north,  af- 
fect the  attractive  power  of  the  magnetic  parts 
of  the  earth  on  the  north  end  of  the  needle. 
The  Reverend  Dr.  Hales  has  a good  obferva- 
, tion  on  this  head,  in  the  Appendix  to  the  fecond 
volume  of  his  Statical  E flays,  which  I fhall 
here  tranfcribe.  “ That  the  warmth  of  the 
“ earth,  at  fome  depth  under  ground,  has  an 
“ influence  in  promoting  a thaw,  as  well  as 
<c  the  change  of  the  weather  from  a freezing  to 
« a thawing  ftate,  is  manifeft  from  this  obfer- 
« vation;  viz.  Nov.  27,  1731,  a little  fnow 
“ having  fallen  in  the  night,  it  was,  by  eleven 
<c  the  next  morning,  moftly  melted  away  on 
« the  furface  of  the  earth,  except  in  feveral 
“ places  in  Bufhy-Park,  where  there  were 
« drains  dug,  and  covered  with  earth,  where 
i(  the  fnow  continued  to  lie,  whether  thole 
“ drains  were  full  of  water,  or  dry j as  alio 
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ec  where  elm-pipes  lay  under-ground ; a plain 
“ proof  that  thefe  drains  intercepted  the 
c<  warmth  of  the  earth  from  afcending  from 
£c  greater  depths  below  them ; for  the  fnow  lay 
<c  where  the  drain  had  more  than  four  feet 
se  depth  of  earth  over  it.  It  continued  alfo  to 
“ lie  on  thatch,  tiles,  and  the  tops  of  wails.” 

That  the  air  neareft  the  earth  will  be  mofb 
warmed  by  the  heat  of  it,  is  obvious ; and  this 
has  frequently  been  taken  notice  of  in  the  morn- 
ing, before  day,  by  means  of  thermometers 
at  different  diftances  from  the  ground,  by  the 
Reverend  Dr.  Miles,  at  Tooting,  in  Surrey; 
and  is  mentioned  in  p.526,  of  the  48th  volume 
of  the  Philofophical  TranfaClions. 

The  aurora  borealis,  which  happens  at  the 
time  the  needle  is  difturbed  by  the  heat  of  the 
earth,  is  fuppofed  to  be  the  electricity  of  the 
heated  air  above  it ; and  this  will  appear  chiefly 
in  the  northern  regions,  as  the  alteration  in  the 
heat  of thofe  parts  will  be  greatelf.  This  hy- 
pothecs will  not  feem  improbable,  if  it  becon- 
fidered,  that  electricity  is  now  known-  to  be  the 
caufe  of  thunder  and  lightning,  that  it  has  been 
extracted  from  the  air  at  the  time  of  an  aurora 
borealis ; that  the  inhabitants  of  the  northern 
countries  obferve  the  aurora  to  be  remarkably 
ftrong,  when  a hidden  thaw  happens  after  fe- 
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vere  cold  weather ; and  that  the  curious  in  thefe 
matters  are  now  acquainted  with  a fubftance, 
that  will,  without  friftion,  both  emit  and  ab- 
forb  the  ele&rical  fluid,  only  by  the  cncrafe 
or  diminution  of  its  heat : for  if  the  Tourmalin 
be  placed  on  a plane  piece  of  heated  glafs,  or 
metal,  fo  that  each  fide  of  it,  by  being  perpen- 
cular  to  the  furface  of  the  heating  body,  may 
be  equally  heated,  it  will,  while  heating,  have 
the  ele&ricitty  of  one  of  its  fides  pofitive,  and 
that  of  the  other  negative ; this  will  likewife  be 
the  cafe  when  it  is  taken  out  of  boiling  water, 
and  fuffered  to  cool  but  the  fide  that  was  pofi- 
tive while  it  was  heating,  will  be  negative  while 
it  is  cooling,  and  the  fide  that  was  negative, 
will  be  pofitive. 

IF  A NEEDLE  WHICH  IS  ACCURATELY  BALANCED 
AND  SUSPENDED  SO  AS  TO  TURN  FREELY  IN 
A VERTICAL  PLANE  BE  RENDERED  MAGNETI- 
CAL,  THE  NORTH  POLE  WILL  BE  DEPRESSED, 
AND  THE  SOUTH  POLE  ELEVATED  ABOVE 
THE  HORIZON.  THIS  PROPERTY  IS  CALLED 
THE  DIP  OF  THE  NEEDLE. 


Fig.  in.  HO  reprefents  an  horizontal  line 
placed  in  the  magnetic  meridian  d e,  a line  at 
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right  angles  to  it,  b a the  fituation  a needle 
would  take  at  London  with  refpedt  to  the  hori- 
zon, making  with  the  horizontal  line  an  angle 
of  72  with  the  vertical  line. 

This  property  was  difcovered  by  Robert  Nor- 
man, about  the  year  157 6.  We  fhall  give  the 
account  of  the  difcovery  in  his  own  words. 

<f  Having,  fays  he,  made  many  and  divers  com- 
pares, and  ufing  always  to  finifh  and  end  them 
before  I touched  the  needle,  I found  continually 
that  after  I had  touched  the  yrons  with  the  ftone 
that  prefently  the  north  point  thereof  would 
bend  or  decline  downwards  under  the  horizon  in 
lome  quantity  ; infomuch,  that  to  the  flie  of  the 
compafs,  which  before  was  made  equal,  I was 
ftill  conftrained  to  put  fome  fmall  piece  of  wax 
in  the  fouth  part  thereof,  to  counterpoife  this 
declining,  and  to  make  it  equal  again. 

<c  Which  effecft  having  many  times  paffed  my 
hands  without  any  great  regard  thereunto,  as 
ignorant  of  any  fuch  property  in  the  ftone,  and  not 
before  having  heard  nor  read  of  any  fuch  matter  : 
it  chanced  at  length  that  there  came  to  my  hands 
an  inftrument  to  be  made,  with  a needle  of  fix 
inches  long,  which  needle  after  I had  polifhed, 
cut  off  at  juft  length,  and  made  to  ftand  level 
upon  the  pin,  fo  that  nothing  refted  but  only  the 
touching  of  it  with  the  ftone  : when  I had 
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touched  the  fame,  prefently  the  north  parr 
thereof  declined  down  in  fuch  fort,  that  beino- 
conflrained  to  cut  away  fome  of  that  part  to  make 
it  equal  again,  in  the  end  I cut  it  too  fhort,  and 
fo  fpoiled  the  needle  wherein  I had  taken  fo  much 
pains. 

<c Hereby  being  ftrokeninto  fofnecholer,  I ap- 
plied myfelf  to  feek  further  into  this  effect,  and 
making  certain  learned  and  expert  men  (my 
friends)  acquainted  in  this  matter*  they  advifed 
me  to  frame  fome  inftrument,  to  make  fome  exa£t 
trial,  how  much  the  needle  touched  with  the  llone 
would  decline,  or  what  greatefi:  angle  it  would 
make  with  the  plain  of  the  horizon.  Thus  far 
Mr.  Norman.'5 

The  dipping  needle,  reprefented  fig.  1 1 2 was 
cojtfiruded  by  Dr.  Lorimer,  and  is  del'cribed  in 
the  Philofophical  Tranfadtions,  vol.  lxv.  part  1, 
page  81.  It  appears  to  me  better  calculated  for 
the  fea  fervice  than  ^ny  other  I have  feen  ; it  is 
lefs  liable  to  be  affe&ed  by  the  motion  of  the 
fhip,  than  thofe  which  are  fufpended  by  gimbols 
fixed  to  the  upper  part  of  the  infirument,  befides 
other  advantages  which  are  derived  from  the 
double  motion  of  tire  needle.  The  needle  ah 
plays  vertically  upon  its  own  axis,  which  has  two 
conical  points,  which  are  inverted  into  the  oppo- 
fite  fides  of  the  upright  parallelogram  c dy  into  this 
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parallelograrri,  and  at  right  angles  to  it,  a flender 
brafs  circle  j g h is  fixed ; this  circle  is  .filvered 
and  graduated  to  every  half  degree  upon  which 
the  needle  fhews  the  dip : this,  for  the  fake  of 
diftin&ion,  is  called  the  circle  of  the  magnetic 
inclination.  The  brafs  parallelogram,  andcon- 
fequently  the  circle  of  inclination  alfo,  turns  ho- 
rizontally upon  two  other  points,  the  one  above 
and  the  other  below,  in  correfponding  fockets  in 
the  parallelogram;  thefe  points  are  fixed  in  a, 
vertical  circle  l i which  is  of  fuch  a diameter  as 
to  allow  the  circle  of  inclination  and  parallelo- 
gram to  move  within  it.  This  fecond  circle 
may  be  called  a general  meridian ; it  is  not  gra- 
duated, but  has  a fmall  brafs  weight  fixed  to  the 
lower  part  of  it,  to  keep  it  upright;  and  the  cir- 
cle itfelf  is  fcrewed  at  right  angles,  into  another 
circle  of  equal  external  diameter  which  is  filver- 
ed and  graduated  on  the  upper  fide  to  every  half 
degree.  It  reprefents  the  horizon,  as  it  fwings 
freely  upon  gimbols,  and  is  always  nearly  paral- 
lel to  it. 

The  ufe  of  this  inftrument  is  very  plain,  as  the 
inclination  or  dip  is  at  ary  time  apparent  from 
infpeftion,  and  alfo  the  variation  ; if  the  frame 
is  turned  round  till  the  great  vertical  lines  meet 
exattly  in  the  plane  of  the  true  meridian  : for  the 
circle  of  inclination  being  always  in  the  needle’s 

vertical 
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vertical  plane,  the  edge  of  it  will  evidently 

point  out  upon  the  horizon  the  variation  E or 

, \ 

W.  But  at  fea,  when  there  is  not  too  much  mo- 
tion, you  turn  the  frame  round,  till  the  vertical 
circle  is  in  the  plane  of  the  fun’s  rays ; that  is  till 
the  fhadow  of  one  fide  of  it  juft  covers  the  other, 
and  the  edge  of  the  circle  will  then  give  the  mag- 
netic amplitude,  if  the  fun  is  rifing  or  fetting ; 
but  the  azimuth  at  all  times  of  the  day ; and  the 
true  amplitude  or  azimuth  being  found  in  the 
ufual  way,  the  difference  is  die  variation.  If  the 
motion  is  confiderable,  obferve  the  extremes  of 
vibration,  and  take  the  mean  for  your  magne- 
tic amplitude  or  azimuth.  This  inftrument  has 
a conftant  power  in  itfelf,  not  only  of  fetting  it- 
felf  in  the  proper  pofttion,  but  alfo  of  keeping 
itfelf  fo  ; or  of  reftoring  itfelf  to  the  fame  fitu- 
ation,  if  at  any  time  it  has  loft  it ; and  it  is  cu- 
rious to  fee  how,  by  its  double  motion,  it  coun- 
teracts as  it  were,  the  rolling  motion  of  the 
veffel.  The  degrees  (hewn  by  each  end  of  the 
needle  fhould  be  attended  to,  and  the  medium 
taken  for  the  true  dip  or  variation  : alfo  apply 
a good  artificial  magnet  in  fuch  manner  as  to 
turn  the  parallelogram  and  circle  of  inclination 
half  way  round  horizontally,  fo  that  the  end  of 
the  axis  of  the  needle  which  before  pointed  to 
weft,  (hall  now  point  to  the  eaftj  and  obferve 
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where  the  needle  Hands,  and  if  it  differs  from  the 
preceding  obfervation,  take  the  mean  which  will 
be  found  as  near  the  truth  as  it  is  poflible  for 
any  inHrument  to  give. 

DESCRIPTION  OF  A TERELLA  AND  OF  THE  MAG- 

t 

NET-ISM  OF  THE  EARTH. 

If  a touched  needle  is  placed  near  a magnet, 
its  direction  to  the  magnetic  needle  is  fufpend- 
ed,  and  it  affumes  a diredtion  relative  to  its  fitu- 
ation  and  diftance  from  the  poles  of  the  mag- 
net. 

experiment  xxvi. 

Place  a fmall  needle  on  the  pointed  end  of  the 
brafs  Hands,  and  then  bring  it  near  the  magnet, 
and  the  needle  will  diredt  itfelf  differently, 
according  to  the  diffance  from  the  poles  of  a 
magnet ; or, 

Move  the  fmall  dipping  needle  over  a mag- 
net, and  by  its  varied  fituations  it  will  illuHrate 
the  foregoing  obfervation  ; or, 

Thefe  relative  fituations  and  tendencies  may 
be  pleafingly  obferved  by  placing  feveral  touch- 
ed needles  round  a magnet  at  the  fame  time. 

Fig.  1 13,  A B reprefents  a magnet  Bthe  north 
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pole,  A the  fouth  ba , ba , ba,  &c.  feveral  fmall 
magnetic  needles  placed  round  the  fouth  pole  of 
the  magnetic  ab , ab , ab , fimilar  needles  placed 
round  the  north  end  : a the  north  pole  of  thefe 
needles,  b the  fouth  pole,  c the  center  on  which 
they  turn.  From  this  experiment  may  be  derived 
others  accurately  inveftigating  the  nature  of  the 
magnetic  curves. 

Now,  if  the  earth  is  a great  magnet,  or  if  a 
large  magnet  is  placed  within  it,  we  fee  from 
the  foregoing  experiment,  that  magnetic  needles 
placed  on  its  furface  would  have  different  direc- 
tions in  different  places,  which  is  conformable  to 
experience  ■;  and  the  apparent  irregularities  in  the 
variation  of  the  needle  mull  be  occafioned  by 
the  fituation  of  the  magnetic  poles  of  the  earth. 

If  the  magnetic  poles  agreed  with  thofe  of  the 
earth  there  would  be  no  variation,  and  the  mag- 
netic needle  would  point  to  the  true  north  and 
fouth.  If  the  axis  of  the  magnetic  poles  palled 
through  the  center  of  the  earth,  it  would  be  eafy 
to  aflign  the  quantity  of  the  variation  at  every 
place ; but  as  this  is  not  the  cafe,  to  account 
regularly  for  the  variation,  it  would  be  neceffary  to 
know  the  exadt  fituation  of  the  magnetic  poles  of 
the  earth,  their  number,  force,  and  diftance  from 
the  real  poles,  whether  they  fhift  their  place,  and 
if  they  move,  the  quantity  of  motion  every  year. 

Dr. 
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Dr.  Haller  fuppofed  the  earth  to  be  an  hollow 
fphere,  with  an  internal  nucleus  in  the  cavity,  he 
looked  upon  each  part  (the  external  and  internal) 
to  be  a feparate  magnet  endowed  with  two]  poles, 
and  whole  magnetical  axis  were  not  coincident. 
A compafs  needle  on  the  furface  of  the  globe 
would  be  a£ted  upon  in  the  fame  manner  as  it 
would  be  by  a magnet  with  four  poles,  and  thus 
explains  the  variation.  But  as  the  variation, 
changes  in  procefs  of  time,  he  fuppofed  that  the 
poles  do  not  keep  the  fame  pofition  with  refpe£t 
to  the  furface  of  the  earth  and  one  another,  and 
accounted  for  this  motion,  by  fuppofing  that  the 
diurnal  motion  of  the  earth  was  imprefled  from 
without,  and  that  the  velocity  of  the  internal 
part  was  lefs  than  the  external.  Therefore  the 
nucleus  would  feem  to  turn  (lowly  towards  fhe 
weft,  and  its  poles  defcribe  (mailer  circles  round 
the  poles  of  the  earth.  And  as  the  relative  pofi- 
tion of  the  four  magnetical  poles  to  each  other, 
and  to  the  poles  of  the  earth  is  changed,  fo  mult 
the  direction  of  the  needle  be  varied. 

Mr.  Euler,  who  has  confidercd  the  fubje<5t  in 
every  point  of  view,  and  treated  it  with  greater 
perfpicuity  than  any  other  writer,  fees  no  reaion 
for  adopting  fo  laborious  and  complicated  an 
hypothelis.  He  thinks  that  every  thing  may  be 
accounted  for  by  two  magnetic  poles  which  are 
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not  directly  oppofite  to  each  other,  or  whofe  mag- 
netic axis  does  not  pafs  through,  the  axis  of  the 
earth,  whereby  he  avoids  many  difficulties  with 
which  the  other  theory  is  incumbered. 

In  order  to  inveftigate  the  phenomena  of  the 
Variation  and  the  dip  of  the  needle,  Gilbert,  who 
fuppofed  the  earth  to  be  a magnet,  ground  a load- 
flone  into  a round  figure,  like  a globe,  which  he 
called  a terella  or  little  earth,  as  it  exhibited 
in  fome  degree  the  fame  phenomena  which 
take  place  on  the  different  parts  of  the 
furface  of  the  earth.  But  little  progrefs,  how- 
ever, was  made  with  this  inftrument,  as  it  did  not 
fufficiently  correfpond  with  the.  nature  of  the 
earth’s  magnetifm.  It  has  fince  received  feveral 
improvements  from  Mr.  Magellan,  but  ffcill 
remained  very  defective.  The  following  improve- 
ment by  Dr.  Lorimer  will,  I hope,  prove  of 
effential  fervice,  in  difeovering  the  laws  by  which 
the  myft-erious  properties  of  the  magnet  are  di- 
reded. 

This  terella  confifts  of  a twelve  inch  terreflrial 
globe,  fo  contrived  that  the  two  hemifpheres  may 
be  feparated  or  united  at  pleafure.  Two  ftrong 
artificial  magnets  are  placed  within  the  globe, 
in  correfponding  fockets  at  the  center  of  each 
hemilphere,  but  fo  filled  that  while  they  ad  as 
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one  magnet,  their  extremities  or  ends  may 
be  placed  in  various  pofitions,  and  moveable  to 
any  latitude  within  30°  degrees  of  the  pole,  and 
are  likewife  moveable  round  the  axis  to  any  de- 
gree of  latitude  at  pleafure. 

Mr.  Savery  has  adduced  feveral  inftances  to 
fhew  the  force  and  aftion  of  the  earth’s  mag- 
netifm ; among  others,  that  it  will  fupport  fmall 
pieces  of  iron.  He  hung  up  a bar  of  iron,  about 
five  feet  long,  by  a loop  of  fmall  cord,  at  the 
upper  end,  and  then  carefully  wiped  the  lower 
end,  and  the  point  of  a nail,  that  there  might 
be  no  dull  or  moiflure  to  prevent  a good  con- 
tact i then  holding  the  nail  under  the  bar,  with 
its  point  upward,  he  kept  it  clofe  to  the  bar, 
holding  only  one  finger  under  its  head  for  the 
fpace  of  thirty  or  more  feconds,  then  withdraw- 
ing his  finger  gently  downwards  that  the  nail 
might  not  vibrate ; if  it  fell  of]',  he  wiped  the 
point  as  before,  and*  tried  fome  other  part  of 
the  plane  at  the  bottom  of  the  bar.  If  the  ends 
are  fimilar,  and  the  bar  has  no  permanent  vir- 
tue, it  is  indifferent  which  end  is  downwards; 
if  it  has  an  imperfeft  degree  of  polarity,  one  end 
will  anfwer  better  than  the  other. 
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EXPERIMENT  XXVII. 

The  upper  end  A of  a long  iron  rod,  which 
lias  no  fixed  polarity,  will  attract  the  north  end 
of  a magnetic  needle ; the  under  end  B repels  the 
north  end  of  the  needle ; invert  the  iron  bar, 
and  the  end  B,  which  is  now  the  upper  one, 
will  attract  the  north  pole  of  the  needle  that  it 
repelled  before ; the  cafe  is  the  fame,  if  the  bar 
is  placed  horizontally  in  the  magnetic  meri- 
dian, the  end  towards  the  fouth  will  be  a north 
pole* 

Iron  bars  of  windows,  which  have  remained 
long  in  a vertical  pofition,  acquire  a fixed  po- 
larity. Mr.  Lewenhoek  mentions  an  iron  crofs. 
Mr.  Canton  propofed  to  make  artificial  magnets 
without  the  affiftance  of  natural  ones  ; but  in  this 
he  was  miftaken,  for  his  poker  and  tongs  were 
natural  magnets,  and  had  their  verticity  fixed 
by  being  heated  and  cooled  in  a vertical  pofition, 
and  an  iron  or  fteel  bar,  though  without  a verti- 
city, while  it  remains  in  that  pofition  exerts 
a polarity,  and  is  able  to  communicate  a fixed 
verticity  to  the  final!  bar,  and  is  therefore  for  the 
time  a natural  magnet.  And  further,  every  iron 
bar,  from  the  larged  fize  to  a fixpenny  nail  will 
exert  this  power  when  treated  as  above  mention- 
ed. 
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cd.  But  how  this  power  is  railed  fo  Toon  to  a 
degree  greatly  exceeding  that  which  communi- 
cated it  we  do  not  know ; nor  is  it  more  eafy  to 
account  for  the  facility  with  which  the  magnetic 
power  is  withdrawn  by  a friction  contrary  to 
that  which  gave  it. 

THE  MAGNETIC  MATTER  MOVES  IN  A STREAM 
FROM  ONE  POLE  TO  THE  OTHER,  INTERNALLY, 
AND  IS  THEN  CARRIED  BACK  IN  CURVED  LINES, 

4 

EXTERNALLY,  TILL  IT  ARRIVES  AGAIN  AT 
THE  POLE,  WHERE  IT  FIRST  ENTERED,  TO  BE 
AGAIN  ADMITTED, 

experiment  XXVIII, 

Put  one  of  the  glafs  panes  over  a magnetical 
bar,  fift  fteel  filings  on  the  glafs,  then  ftrike 
the  glafs  gently,  and  the  filings  will  difpofe  them- 
ielves  in  fuch  a manner  as  to  reprefent,  with 
great  exadtnefs,  the  courfe  of  the  magnetic  mat- 
ter. The  curves  by  which  it  returns  back  tt)  the 
pole,  where  it  firft  entered,  are  alfo  accurately 
expreffed  by  the  arrangement  of  the  filings.  The 
largeft  curves  rife  from  one  polar  furface,  and 
extend  to  the  other ; they  arc  larger  in  propor- 
tion as  thev  rife  nearer  the  axis  or  center  of  the 
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polar  furface ; the  curves  which  arife  from  the 
Tides  of  a magnetical  body,  are  interior  to  thofe 
which  arife  from  the  polar  furfaces,  and  are 
fmaller  and  fmaller  in  proportion  to  their  dift- 
ance  from  the  ends.  That  the  magnetic  mat- 
ter does  move  back,  in  a diredtion  contrary  to 
that  with  which  it  paffes  through  the  magnetical 
body,  is  confirmed  by  its  adtion  on  a fmall  com- 
pafs  needle,  when  prefented  to  it  at  different 
places.  See  fig.  103. 

The  greater  the  diftance  is  between  the  poles 
of  a magnet,  the  larger  are  the  curves  which 
arife  from  the  polar  furface. 

THE  IMMEDIATE  CAUSE  WHY  TWO  OR  MORE 
MAGNETICAL  BODIES,  ATTRACT  EACH  OTHER, 
IS  THE  PASSAGE  OF  ONE  AND  THE  SAME 
MAGNETICAL  STREAM  THROUGH  THEM. 

EXPERIMENT  XXIX. 

Let  two  magnets  be  placed  at  fome  diftance 
from  each  other,  the  fouth  pole  of  one  oppofed 
to  the  north  pole  of  the  other,  lay  a pane  of  glafs 
over  them,  and  fprinkle  it  with  fteel  filings, 
then  ftrike  the  pane  gently  with  a key,  and  the 
filings  will  arrange  themfelves  in  the  direction  of 
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the  magnetic  virtue.  The  filings  which  lay  be- 
tween the  two  polar  furfaces,  and  near  the  com- 
mon axis,  are  difpofed  in  ftrait  lines  going  from 
the  north  pole  of  one,  to  the  fouth  pole  of  the 
other : the  pores  being  now  in  the  lame  direc- 
tion, fo  that  the  fluid  which  pafles  through  A B, 
fig.  1 04,  finds  the  pores  at  the  pole  a open  to 
receive  them,  it  will  therefore  pafs  through  this, 
and  coming  out  at  b will  turn  towards  A,  to  con- 
tinue its  dream  through  the  magnet,  and  thus 
form  one  atmofphere  or  vortex,  which  prefled, 
on  ail  fides,  by  the  elaftic  force  of  the  other, 
carries  the  magnets  towards  each  other.  At 
different;  didances  from  the  axis  the  filings  de- 
fci  ibe  regular  curve  lines,  which  run  from  one 
pole  to  the  other,  and  diverge  from  each  other 
in  moving  from  the  fouth  pole  till  they  come 
half  way,  they  then  converge  more  and  more, 
till  they  arrive  at  the  north  pole.  If  the  oppofed 
poles  are  diftant  from  each  other,  fome  arches 
will  pafs  from  one  pole  to  the  other  of  the  fame 
magnet ; fewer  will  be  formed  in  this  manner  if 
they  are  brought  nearer  together,  and  more  will 
proceed  from  one  magnet  to  the  other ; the  dream 
of  the  magnetic  matter  will  feem  more  concen- 
trated and  abundant. 
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EXPERIMENT  XXX. 

While  the  magnets  remain  in  the  foregoing 
pofition,  place  a fmall  untouched  bar  or  needle 
in  the  lire  am  of  the  magnetic  virtue;  this  will 
pafs  through  it,  and  give  it  a polarity  in  the 
diredtion  of  the  ftream. 


EXPERIMENT  XXXI. 

On  the  fame  principal,  a large  key,  or  other 
untouched  piece  of  iron,  will  attradl  and  fupport. 
a fmall  piece  of  iron,  while  it  is  within  the 
fphere  of  adtion  of  the  pole  of  a magnet,  but 
will  let  them  fall  when  it  is  out  of  the  magnetic 
ftream. 


experiment  xxxii. 

A ball  of  foft  iron  in  contadt  with  a magnet, 
will  attradl:  a fecond  ball,  and  that  a third,  till 
the  ftream  becomes  too  weak  to  fupport  a greater 
weight. 
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EXPERIMENT  XXXIII. 

» I » » .'  V f ’•*  , 

Place  two  magnets  parallel  to  the  horizon  with 
two  poles  of  the  fame  name  oppofed  to  each 
other,  and  their  diftance  in  proportion  to  the 
ftre-ngth  of  the  magnets ; fufpend  a needle  nicely 
balanced  on  a thread  between  them,  and  either 
pole  will  attract  the  needle  notwithftanding  their 
mutual  repulfion. 

EXPERIMENT  XXXIV. 

Put  into  motion  one  of  the  fmall  whirligigs 
with  an  iron  axis,  and  then  take  it  up  by  a mag- 
net; it  will  preferve  its  rotatory  motion  much 
longer  thanif  it  were  left  to  whirl  on  the  table; 
a fecond  and  a third  whirligig  may  be  fufpended 
one  under  another,  according  to  the  ftrength  of 
the  magnet,  and  yet  continue  in  motion. 


EXPERIMENT  XXXV. 

Place  a magnet  upon  each  of  the  brafs  Hands, 
with  their  poles  of  contrary  names  oppofed  to 
each  other,  and  a pleafing  chain  of  iron  balls  may 

be 
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be  fufpended  between  them.  Prefent  either  pole 
of  another  magnet  towards  them,  and  they  will 
fall  down. 

EXPERIMENT  XXXVI. 

, fc  1 / 

\ 

Place  two  bars  in  a line  with  the  north  end  of 
one  to  the  fouth  end  of  the  other,  and  about  one 
third  the  length  of  the  bar  diftance  from  each 
other,  to  which  diftance  the  power  feems  to  be 
feparated  in  molt  bars  ; place  the  glafs  panes  on 
thefe  bars,  and  then  fift  the  filings  over  them, 
and  they  will  range  themfelves  between  the  bars, 
in  the  fame  manner  they  are  ranged  about  the 
middle  of  each  bar;  fhewing  that  when  the  pow- 
ers are  feparated  to  this  diftance  they  a£t  much  in 
the  fame  manner  as  when  they  are  feparated  in 
the  fame  bar. 

1 j 

MAGNETIC  REPULSION  ARISES  FROM  THE  AC- 
CUMULATION OF  THE  MAGNETIC  FLUID,  AND 
THE  RESISTANCE  FORMED  TO  ITS  ENTRANCE 
IN  THE  MAGNET. 

EXPERIMENT  XXXyil. 

i f the  two  poles  of  the  fame  name  of  two  mag- 
nets. 
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nets  are  brought  near  to  each  other,  and  placed 
under  a pane  of  glafs,  on  which  iron  filings 
have  been  (trewed,  the  filings  will  be  difpofed 
into  curves,  which  feem  to  turn  back  from  each 
other  towards  the  oppofite  pole,  d he  fluid 
which  proceeds  from  B,  fig.  103,  meeting  with 
refiftance  from  the  pores  at  D,  is  forced  to  turn 
back,  and  circulate  round  its  own  magnet,  and 
thus  form  two  atmofpheres,  which  a<5t  againfl: 
each  other,  in  proportion  to  the  force  and  quan- 
tity of  the  ftream  which  pafles  through  the 
magnets. 


EXPERIMENT  XXXYIII. 

> 6 * • i 

Takeafteel  needle,  with  a very  fine  point, 
and  rub  it  from  the  eye  to  the  point  five  or  fix 
times  with  the  north  pole  of  a magnetic  bar ; 
the  eye  will  be  the  north,  and  the  point  the 
fouth  pole  of  the  needle. 

The  attraction  and  repul  fion  of  magnets  is 
not  hindered  or  encreafed  by  the  interpofition  of 
any  body  whatever. 
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EXPERIMENT  XXXIX. 

Dip  one  point  of  the  needle  in  fteel  filings, 
and  it  will  take  up  a confiderable  quantity. 
Take  the  magnetic  bar  in  one  hand,  and  the 
needle  with  the  filings  in  the  other,  hold  them 
parallel  to  the  horizon,  with  the  point  of  the 
needle  near  the  fouth  pole  of  the  magnet,  and 
the  Heel  filings  will  fall  from  the  point  of  the 
needle ; as  foon  as  the  filings  drop  off  from  the 
point,  withdraw  it  from  the  fphere  of  aCtion  of 
the  magnet,  and  the  point  will  be  fo  far  deprived 
of  its  attractive  quality,  that  it  will  not  again 
attradl:  the  Heel  filings.  If  the  needle  is  not  taken 
away,  but  continues  for  a few  minutes  about 
half  an  inch  from  the  bar,  the  polarity  of  the 
needle  will  be  changed 


EXPERIMENT  XL. 

Place  two  magnets  clofe  to  each  other,  with  the 
north  and  fouth  poles  conjoined  together,  in  this 
fituation  the  magnetic  power  is  lo  far  counter- 
acted or  condenfed  as  to  have  very  little  effe'Cl 

* Farther  Proofs,  &c.  by  Mr.  Lyon,  p.  Co. 

on 
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on  iron,  ' hardly  fuftaining  the  final  left  piece, 
feparate  the  magnets  half  an  inch,  and  they  will 
* Tup  port  a piece  of  iron,  clofe  them,  and  they 
will  let  it  drop. 


EXPERIMENT  XU. 

Sulpend  two  fewing  needles  from  the  pole  of 
a magnet,  and  the  needles  will  diverge,  the 
repulfion  will  be  augmented  by  the  addition  of 
another  magnet,  it  is  alfo  increafed  by  applying 
a bar  of  iron  to  the  oppofite  pole  of  the  magnet 
and  diminifhed  by  applying  it  to  the  fame. 


EXPERIMNT  XLII.  - 

Bring  a bar  of  iron  towards  the  extremity  of 
the  needles,  and  their  repulfion  will  be  aug- 
mented. 


EXPERIMENT  XLIII. 

Sufpend  by  a thread  the  light  cylindrical  bar 
G D,  f g.  1 14,  which  has  a round  head  at  each  end, 
and  place  it  at  a little  diftance  from  the  mag- 
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net  M,  tken  bring  an  iron  wire  EE,  near  the 
lower  head  D,  and  the  cylinder  will  be  repelled* 
but  will  be  attradbed  by  the  fame  wire  if  it  is 
brought  near  the  upper  head.' 


EXPERIMENT  XLlV. 

Hang  a number  of  balls  to  each  other,  by' 
applying  the  firft  to  the  north  pole  of  a magnet, 
prefent  the  fouth  pole  of  another  magnet  to  one 
of  the  middle  balls,  and  all  thofe  below  it  will 
thereby  be  deprived  of  the  magnetic  ftream,  and 
fall  afunder;  the  ball  to  which  the  magnet  was 
applied  will  be  attradbed  by  it,  and  all  the  others 
will  remain  fufpended*  If  the  north  end  of  the 
magnet  be  prefented,  then  the  ball,  to  which  it 
is  applied,  will  alfo  drop. 

A fingular  fadt  is  related  by  fome  ancient 
writers  on  magnetifm.  That  if  two  loadftones, 
a fbronger  and  a weaker,  have  their  repellent 
poles  brought  together,  the  weaker  will  have  its 
power  confufed,  and  will  not  come  to  itfelf  for 
fome  days  ; the  polarity  of  the  part,  in  contadb, 
becomes  inverted  by  the  fbronger  power ; but  as 
that  power  reaches  but  a little  way  beyond  the 
polar  furface,  the  unaltered  power,  in  the  re- 
maining part  of  the  fbone,  is  able,  by  its  contra- 
ry 
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iy  force,  to  reftore  the  confufed  part  of  the  (tone 
in  a few  days. 

It  does  not  appear  that  there  is  any  certain 
law  of  attra&ion  peculiar  to  magnetifm ; for  in 
different  pairs  of  magnets,  the  force  will  vary 
at  different  diftances.  The  magnetic  attraction 
is  not  to  be  computed  from  the  center  of 
the.  magnets,  but  from  the  center  of  the 
pole  * . ' 

Though  many  experiments  have  been  made  to 
difeover,  whether  the  force  by  which  two  mag- 
nets are  repelled  or  attracted,  a6ts  only  to  a cer- 
tain diftance j 'whether  the  degrees  of  its  aCtion 
within,  and  at  this  diftance,  is  uniform  or  variable, 
and  in  what  proportion,  to  the  diftances  it  en- 
creafes  or  diminilhes;  yet  we  can  only  infer 
from  them,  that  the  magnetic  power  extends 
further  at  fome  times,  than  it  does  at  others, 
and  that  the  fphere  of  its  aClion  is  variable. 

The  fmaller  the  loadftone  or  the  mag-net  is, 
the  greater  is  its  force,  cater  is  paribus,  in  pro- 
portion to  its  ffze.  Though  when  the  axis  of  a 
magnet  is  fnort,  and  of  courfe  its  poles  very 
near,  their  aCtion  on  each  other  weakens  the 
magnetic  force.  A variety  of  other  caufes  will 
a'ifo  occafion  great  irregularity  in  the  attraction 
of  magnetifm.  If  one  end  of  a magnet  is  dipped 

* The  magnetic  effe&s  of  the  contrary  pole  muff  be  alfo 
conlidcred  in  climating  the  forces  of  magnetic  attraction 
and  repultlon, 

in 
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in  fteel  filings,  we  fhall  find  that  they  are  ver^ 
feldom  diftributed  with  uniformity,  but  difpofed 
in  little  tufts,  fome  places  more  thick  than  others. 
The  force  of  magnetic  attraction  between  the 
fame  magnets,  and  at  the  fame  diftance,  may 
be  varied  by  turning  the  magnets  on  their  axis, 
and  making  different  parts  of  the  polar  furfaces 
regard  each  other.  If  a ftrong  magnet  be  ap- 
plied to  a weaker,  a kind  ofrepulfion  feems  to 
take  place  even  between  two  poles  of  the  fame 
name,  but  its  force  is  overpowered  by  the  at- 
traction of  the  ftronger. 

£ X P E R IMENT  XLV. 

If  a touched  needle  is  placed  near  a magnet* 
its  direction  to  the  magnetic  meridian  is  fufpend- 
ed,  and  it  affumes  a direction  relative  to  its  litu- 
ation  and  diftance  from  the  poles  of  the  magnet. 
Place  a fmall  needle  on  the  pointed  end  of  one 
of  the  brafs  ftands,  and  then  bring  it  near  the 
magnet,  the  needle  will  direct  itfelf  differently, 
according  to  its  diftance  from  the  poles  of  the 
magnet.  Thefe  relative  fituations  and  tenden- 
cies  are  more  pleafmgly  obferved  by  placing 
feveral  touched  needles  round  the  bar  at  the 
fame  time.  The  motion  of  the  fmall  dipping 
needle  further  illuftrates  this  propofition.  From 

the 
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the  -three  laft  experiments  various  others  of  con- 
fiderable  importance  may  be  derived  for  ac- 
curately inveftigating  the  curves,  according 
to  which  the  magnets  aft,  and  illuftrating 
further  fome  of  the  intricate  branches  of  mag- 
netifm. 

The  northern  magnetifm  is  deftroyed  by  the 
communication  of  the  fouthern,  and  vice  verfa . 
Hence  it  is  clear,  that  the  two  magnetic  powers 
counteract  each  other,  and  that  if  both  be 
communicated  to  the  fame  arm  of  a magnet,  the 
magnetifm  acquired  by  the  arm  will  be  that  of 
the  ftrongeft,  and  as  the  difference  between  the 
two  powers* 

Two  ftrait  magnets  will  not  be  weakened,  if 
they  are  laid  parallel  to  one  another,  with  poles 
of  the  oppofite  denomination  correfponding  to 
each  other,  the  ends  being  connected  together 
by  pieces  of  iron,  which  will  keep  up  and 
facilitate  the  circulation  of  the  magnetic  fluid 
through  them;  but  they  fhould  never  be  buf- 
fered to  touch  each  other,  except  tvhen  they  lie 
in  the  fame  direction,  and  with  poles  of  con- 
trary names. 

A Angle  ftrait  magnet  fhould  be  always  kept 
with  its  fouth  pole  towards  the  north,  or  down- 
wards, in  the  northern  magnetic  hemifphere,  and 
vice  verfa  in  the  fouthern  hemifphere.  Iron 

H h fhould 


466 


AN  ESSAY  ON 


fhould  never  be  lifted  but  by  the  fouth  pole  of  a 
ftrait  magnet  in  this  hemifphere  of  the  world. 

Every  kind  of  violent  percuffion  weakens 
the  power  of  a magnet ; a ftrong  magnet  has 
been  entirely  deprived  of  its  virtue  by  receiving 
feveral  fmart  flrokes  of  a hammer;  indeed,  what- 
ever deranges,  or  diflurbs  the  internal  pores  of  a 
magnet,  will  injure  its  magnetic  force,  as  the 
bending  of  touched  iron,  wires,  &c. 


experiment  xlvi. 

Fill  a fmall  dry  glafs  tube  with  iron  filings, 
prefs  them  in  rather  clofe,  and  then  touch  the 
tube  as  if  it  was  a fteel  bar,  and  the  tube  will 
attraft  a light  needle,  &c.  fhake  the  tube  fo  that 
the  fituation  of  the  filings  may  be  difturbed,  and 
the  magnetic  virtue  will  vanilh. 


EXPERIMENT  XLVII. 

But  though  a violent  percuffion  will  deftroy  a 
fixed  magnenifm,  yet  it  will  give  polarity  to  an 
iron  bar  which  had  none  before;  for  a few  fmart 
ftrokes  of  an  hammer,  on  an  iron  bar,  will  give 
it  a polarity,  and  by  hitting  firft  one  end  of  the 
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bar,  and  then  the  other,  while  it  is  held  in  a 
vertical  fituation,  the  poles  may  be  changed. 
Twill  a long  piece  of  iron  wire  backwards 
and  forwards  feveral  times,  then  break  it  off  at 
the  twilled  part,  and  the  broken  end  will  be 
magnetical. 


EXPERIMENT  XLVIII. 

If  a magnet  be  cut  through  the  axis,  the  feg- 
ments,  which  were  joined  before,  will  avoid  and 
fly  from  each  other. 

EXPERIMENT  XLTXX 

If  a magnet  is  divided  by  a fe6lion  perpen^- 
dicular  to  the  axis,  the  parts  wrhich  were  joined 
before  will  have  acquired  contrary  poles,  one 
north,  the  other  fouth,  thus  generating  a new 
magnet  at  every  feflion. 

From  thefe,  and  fimilar  experiments,  Mr. 
Eeles  infers,  that  magnetifm  confills  of  two  dif- 
ferent diltinft  powers,  which  in  their  natural  Hate 
are  conjoined,  and  exert  but  little  fenfible 
a&ion,  and  llrongly  attrad  each  other  at  all 
times  i but  when  they  are  feparated  by  force, 
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they  act  like  thofe  of  eledfricity ; for  if  mag- 
netifm  is  excited  in  two  different  pieces  of  fteel 
by  the  fouth  pole  of  a magnet,  the  ends  repel 
each  other ; but  if  one  piece  be  excited  by  the 
north  pole,  and  another  by  the  fouth,  they  will 
attradl  each  other.  He  further  fuppofes,  that  a 
magnet  attradts,  and  is  attracted,  not  entirely 
according  to  its  own  ftrength,  but  according  to 
the  quantity  of  iron  to  be  attracted ; and  that 
magnetifm  is  a quality  inherent  in  all  iron,  and 
of  which  it  cannot  be  diverted ; for  fire,  which 
will  deftroy  a fixed  magnetifm,  does  not  deprive 
it  of  its  natural  quantity  ■ on  the  contrary,  it  will 
give  it  a polarity,  or  fixed  magnetifm,  according 
to  the  manner  of  heating  or  cooling  of  the  iron. 

The  powers  of  magnetifm,  like  thofe  of  eledlri- 
city,  are  excited  and  feparated  by  fridtion.  This 
effedt  is  wonderful  in  both,  but  more  fo  in  mag- 
netifm, where  two  powers,  naturally  attradfing 
each  other,  remain  feparated  in  the  fame  fteel 
bar  for  many  years,  and  yet  they  may  be  reduced 
to  their  natural  ftate  by  the  fridtion  of  two  other 
magnets,  adling  in  a contrary  order  to  that  by 
which  the  poles  were  originally  feparated. 

Magnetifm  and  eledlricity  adt  ftrongeft  at 
corners,  edges  and  points. 

Magnetifm  may  be  communicated  to  a fmall 
fteel  needle,  by  parting  the  difcharge  of  a large 
battery  through  it. 


The 


MAGNETISM. 


469 


The  difcharge  of  a battery  through  a fmall 
magnetic  needle  will  fometimes  deltroy  the  mag- 
netifm,  and  at  other  times  invert  the  poles  of  the 
magnet,  which  has  alfo  been  frequently  effedted  by 
lightening. 

% 

EXPERIMENT,  L. 

Place  a magnet  M,  fig.  1 15,  at  a given  dif- 
tance  from  the  needle  A B,  fig.  115,  that  it 
makes  the  needle  deviate  from  the  meridian 
N C to  C B,  forming  an  angle  N C B of  40 
degrees.  Now  apply  a bar  of  iron  I to  the  mag- 
net M,  fo  that  it  may  be  perpendicular  to  it,  but 
only  covering  half  the  breadth  of  the  magnet, 
and  the  needle  will  go  back  to  30  degrees, 

E X P E.  R I M E N T LI, 

Place  on  the  other  fide  a bar  Y,  exadtly  fimi- 
lar  to  the  bar  I,  and  fituated  in  the  fame  manner  j 
the  needle  will  be  very  little  affedted,  nay,  by 
altering  a little  the  fituation  of  the  bar  the  needle 
will  not  be  at  all  afredted  by  it. 

Remove  the  bar  Y from  the  magnet  by  a 
parallel  motion , and  the  needle  will  approach 

* See  Eflay  on  Electricity,  p.  1 54. 

H h 3 


flill 


470 


AN  ESSAY  ON 


ftill  nearer  the  meridian,  or,  in  other  words,  the 
adtion  of  the  magnet  will  be  weaker. 

EXPERIMENT  LII. 

Place  a magnet  M,  fig.  1 1 6,  at  fome  diftance 
from  the  needle  A B,  and  parallel  to  the  magne- 
tic meridian  N S,  the  needle  will  deviate  from  its 
fituation  ; now  approach  flowly  towards  the  nee- 
dle with  a bar  of  iron,  moving  it  in  the  equator 
of  the  needle,  and  the  attradlion  of  the  needle  to 
the  magnet  will  be  diminifhed,  till  a fmall  part 
of  g of  the  iron  bar  gets  beyond  the  magnet ; 
when  its  adtion  will  be  confiderably  increafed, 
and  the  needle  more  ftrongly  attradled. 

EXPERIMENT  LIII. 

Place  a magnet  fo  that  it  may  attradl  a needle 
by  its  fouth  pole,  place  one  end  of  a bar  of  iron 
on  the  north  pole  of  the  magnet,  and  it  will 
immediately  attradl  the  needle  with  more  force. 


e xperiment  liv. 

Place  a ftrong  magnet  at  fome  diftance  from  a 
magnetic  needle,  fo  that  it  may  either  not  adt  on 
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the  needle  or  elfe  make  it  deviate  only  a certain 
quantity  from  the  meridian  ; apply  a bar  of  iron 
to  the  magnet,  placing  the  bar  between  it  and 
the  needle,  and  the  needle  is  immediately  agi- 
tated. 


EXPERIMENT  LV. 

Let  the  magnet  be  placed  fo  near  to  the  needle 
as  to  produce  a fenfible  effedt  on  it,  then  place 
the  bar  of  iron  on  the  pole  of  the  magnet,  defcribe 
a circle  with  the  bar  of  iron,  and  the  adtion  of 
the  magnet  appears  to  be  weakened,  and  the 
needle  returns  to  the  fituation  it  had  before  the 
magnet  was  placed  near  it. 


EXPERIMENT  LVI, 

Place  a bar  of  iron  between  a magnet  and  the 
needle,  fo  that  it  may  be  perpendicular  to  the 
magnet ; and  the  needle  endeavours  to  recover 
its  true  fituation,  and  even  returns  to  it,  if  the 
bar  be  thick  enough,  or  if  two  or  three  more  are 
interpofed  *. 

* Van  Swinden,  Memoire  fur  l’Ele&ricite  et  le  Mag- 

netifme. 


H h 4 


MAG- 


472 


AN  ESSAY  ON 

■* 


MAGNETICAL  RECREATIONS. 


BOX  OF  METALS. 

HIS  box  contains  five  metallic  tablets, 


of  the  fame  fiiape  and  fize,  that  they  may 
be  placed  indifcriminately  into  fimilar  holes 
made  in  the  bottom  of  a box.  One  of  the  tab- 
lets is  gilt  to  reprefent  gold,  the  fecond  is  filvered 
to  reprefent  filver,  the  third  is  of  copper,  the 
fourth  of  tin,  and  the  fifth  of  lead.  A fmall 
magnetic  bar  is  inclofed  in  each  of  thefe  pieces 
of  metal,  but  is  placed  in  a different  fituation 
in  each  piece.  Another  part  of  the  apparatus  is 
a fmall  magnetic  perfpedtive,  furnifhed  at  bottom 
with  a magnetic  needle,  fimilar  to  thofe  in  fmall 
cQmpafies  ; a piece  of  paper  is  palled  at  the  bot- 
tom of  the  perfpedlive  on  the  infide,  on  which  is 
marked  the  initials  of  the  different  metals  ; thefe 
initials  are  fo  placed  as  to  correfpond  with  the 
magnets  which  are  inclofed  in  the  metals.  If 
this  perfpedlive  be  placed  over  any  of  the  tablets, 
fo  that  the  north  and  fouth  line  is  perpendicular 
to  the  front  of  the  box,  the  needle  will  point  to 
the  initial  letter  of  the  metal  over  which  it  is 
placed.  Prefent  the  box  to  any  one  to  difpofe  of 
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the  tablets  as  he  pleafes,  then  to  Ihut  the  box, 
and  to  return  it  you  ; when  by  means  of  the  per- 
fpedlive  you  will  be  enabled  to  tell  him  how  he 
has  placed  them. 

COMMUNICATIVE  MIRROR. 

This  apparatus  confiils  of  the  perfpective  and 
Hand  reprefented  NOLMK,  fig.  118,  four 
tablets  as  R,  and  a fmall  box  AB  with  a drawer 
to  hold  one  of  the  tablets. 

A fmall  circular  card  with  a touched  needle, 
and  on  which  are  placed  four  pidbures  at  right 
angles  to  each  other,  plays  on  a pivot  in  the 
foot  M K of  the  perfpedlive.  Over  part  of  this 
card  is  a hole,  the  center  of  which  coincides  with 
the  center  of  the  tube  L N.  An  inclined  mirror  is 
fixed  in  the  perfpedlive  N O,  fo  as  to  be  diredtly 
over  the  above-mentioned  hole.  There  are  alfo  four 
tablets,  on  each  of  which  a fmall  pidhire  is  pall- 
ed fimilar  to  thofe  on  the  card,  and  a magnetic 
bar  inclofed  in  each.  If  one  of  thefe  is  placed 
in  the  drawer  of  the  box  A B,  and  the  perfpec- 
tive over  that  as  in  fig.  1 1 8,  and  the  fore  part  is 
then  prefied  down  to  difengage  a fpring  which  is 
within  the  foot,  then  will  the  card  place  itfelf  fo 
as  to  correfpond  with  the  tablet  in  the  drawer, 
and  a fimilar  figure  will  be  feen  by  looking  in 
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at  the  eye  end  of  the  perfpe&ive.  Confequently 
if  you  prefent  the  four  tablets  to  any  perfon,  defir- 
ing him  to  place  any  one  of  them  in  the  drawer 
and  conceal  the  others,  then  fhut  the  drawer  and 
return  it.  Now  place  the  perfpebtive  in  a box, 
and  prefling  the  part  T as  abovementioned,  and 
you  may  fhew  him  the  figure  on  the  tablet  he 
placed  in  the  drawer,  in  the  eye  end  of  the  per- 
fpeblive. 

Thefe,  and  many  other  recreations  of  this  kind 
will  be  found  in  £C  Hooper’s  Rational  Recre- 
ations,” the  greater  part  of  which  I have  executed 
with  improvements. 


OF  THE  ACTION  OF  THE  MAGNETIC  ATMO- 
SPHERE. 

The  pole  of  a magnet  produces  on  the  part  of 
a bar  to  which  it  is  applied,  the  pole  of  a contrary 
name  : therefore,  if  two  bars  fully  touched  have 
the  poles  of  the  fame  name  joined  together,  they 
tend  to  produce  on  each  other  a force  of  a con- 
trary name  to  that  with  which  they  are  endowed  ; 
and  this  effedt  will  diminifh  the  polar  force  of 
each  bar ; confequently  the  magnetic  force  of 
each  longitudinal  element  of  an  artificial  magnet 
diminifhes  as  its  bulk  is  increafed,  and  the  total 
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force  of  two  magnets  fully  touched,  and  of  the 
fame  length  but  unequal  in  bulk,  will  be  in  b 
lels  ratio  than  that  of  their  mafs. 

If  the  magnet  does  not  touch  the  bar,  but  is 
held  at  fome  diftance  from  it,  the  phenomena 
will  be  the  fame ; but  the  bar  will  acquire  lefs 
raagnetifm  than  when  it  was  in  contad  with  the 
magnet. 

Each  point  of  a magnet  may  be  looked  on  as 
the  pole  of  a linaller  magnet,  tending  to  produce 
on  the  points  of  the  magnet  a force  contrary  to 
its  own.  The  effed  of  this  tendency  will  be 
greater,  in  proportion  to  the  force  of  the  point, 
and  its  nearnefs  to  thofe points  on  which  it  ads; 
and  the  force  of  a magnet  will  depend  on  the 
reciprocal  adion  of  thefe  points  on  each  other. 

The  adion  of  a magnetic  point  is  increafed 
according  as  the  intenfity  of  the  other  points  on 
it  increafes,  as  their  number  is  greater,  and  their 
dilbmce  from  it  is  lefs.  The  more  the  magnetic 
points  are  (from  the  figure  of  the  magnet) 
brought  together,  and  the  Wronger  their  adion 
on  each  other  in  order  to  deffroy  their  reciprocal 
forces,  the  weaker  is  the  force  of  each  point. 

Elence  in  two  bars  of  the  fame  weight  and 
length  the  broadeft  will  be  the  moil  powerful, 
becaufe  its  longitudinal  fibres  are  more  infu- 
lated. 
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If  a bar  is  divided  into  two  parts,  each  will 
receive  a greater  degree  of  magnetifm  than  when 
they  were  united. 

From  the  fame  analogy  we  may  infer,  that  the 
exterior  points  and  edges  of  a magnet  will  have 
more  power  than  the  interior  ones  of  the  fame  bar, 
as  they  are  alfo  more  infulated. 

A bar  is  faid  to  be  faturated  with  magnetifm, 
if  when  fufpended  freely  in  an  horizontal  pofition 
it  continues  to  make  the  fame  number  of  ofcil- 
lations  in  the  fame  time,  though  continued  to  be 
rubbed  with  a magnet.  As  each  point  of  a 
magnet  tends  to  deftroy  the  magnetifm  of  the 
neighbouring  parts,  the  bar  appears  to  be  in  a 
forced  or  unnatural  ftate,  and  the  magnetic  fluid 
endeavours  to  fpread  itfelf  over  the  bar  in  an  uni- 
form manner,  and  confequently  to  weaken  and 
deftroy  its  powers.  The  greater  part  of  what  has 
been  faid  on  the  aCtion  of  the  particles  of  magnet- 
ifm on  each  other  will  be  found  equally  appli- 
cable to  electricity. 
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Gold  leaf  melted  between  flips  of  glafs  1 59. 

Gunpowder  fired  by  the  eledtric  fpark  344.  by  a 
jar  or  battery  344. 

H 

Hatixjhee,  Mr.  his  experiments  on  eledtric  light 

86. 

Heat  produces  electricity  324.  and  eledtricity 
compared  38  2. 

Henly , Mr.  on  atmofpherical  electricity  260. 

Higgins,  Dr-  experiments  made  at  his  houfe  189, 
\ 90. 

Hypothefis,  Franklin  s 37.  Erie's  38.  Euler  on 
magnetifm  397.  another  400. 

Halley , Dr.  his  fuppofition  in  order  to  account 
for  the  variation  of  the  magnetic  needle  449* 
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linages  of  paper,  experiments  with  67,  63. 

Impermeability  of  glafs  146. 

Inflammable  air  94.  piftol  for  ditto  95.  appara- 
tus for  ditto  96.  lamp  348. 

Infulation,  what  6. 

Infulating  (tool  43.  experiments  on  91. 

Iron  attracted  by  the  magnet  402. 

Ivory  ball,  fpark  through  it  85. 

K 

Kinnerjly , Mr.  his  eledrical  thermometer  40* 
experiment  with  350. 

Kite,  electrical  267.  experiments  with  274. 

L 

Lateral  exploflon  162. 

Leyden  phial,  experiment  with  no.  confider- 
ed  in.  fhock  of,  paffes  through  feveral  per- 
lons  1 1 2.  effects  of  the  coating  113.  Iponta- 
neous  difcharge  1 13.  refiduumof  113.  fhock 
to  avoid  1 1 3,  1 14.  Dr.  Franklin's  theory  of 
1 1 5.  that  theory  modified  and  explained  by 
combined  apparatus  118.  cannot  be  charged 
when  infulated  1 20.  charged  by  adding  elec- 
tricity on  one  fide  and  taking  it  from  the  other 
121.  throws  off  as  much  from  one  fide  as  it 
receives  on  the  other  122.  charged  with  its  own 
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fluid  123.  two  charged  pofitively  123.  one 
negatively  and  one  pofitively  1 23.  further  ex- 
periments 125,  126,  127.  double  Leyden 
phial  127.  ramifications  of  electric  light  on  it 
126.  chain  of  fhot  125.  fimple  chain  126. 
contrary  ftates  of,  elucidated  by  the  attraction 
and  repulfion  of  light  bodies  130,  131,  132, 
133.  by  the  appearances  of  the  electric  light 

*34>  x35^  136,  137.  direction  of  the  dis- 
charge 140.  in  vacuo  306. 

Leyden  vacuum  138,  139. 

Light,  electric,  experiments  on  86,  87.  in  va- 
cuo 300.  appearances  of  309. 

Loadftone,  what  395.  artificial,  to  make  420. 

Lorimer , Dr.  his  dipping  needle  deferibed  444. 

Luminous  word  83.  conductor  139.  bottle  304. 

M 

Machine,  electrical,  deferibed  2 1 . how  to  keep 
it  in  order  24. 

Magic  picture  361. 

Magnets,  artificial  396.  axis  of  397.  equator 
of  397.  their  attraction  with  iron  403.  at- 
tracts fteel  filings  405.  its  poles  405.  how 
touched  418.  horfefhoe  419.  armed  423.  ex- 
periments with  423.  turn  to  the  north  425. 
proved  426. 
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Magnetic  fwan  403.  balance  404.  properties 
communicated  to  iron  or  fteel  410.  attraction, 
how  occafioned  454.  repulfion  458.  experi- 
ments on  459  to  462.  recreations  472.  at- 
mofpheres  474. 

Magnetifm  of  the  earth  447,  451.  magnetifm 
how  preferved  465.  how  deftroyed  466.  fimU 
larity  with  electricity  467. 

Mariners’  compals  defcribed  427. 

Motion  of  the  magnetic  matter  453. 

Metals,  box  of  472. 

Mirror,  communicative  473, 

N 

Needles  made  magnetic  by  an  eleCtric  fhock  1 54, 
their  polarity  deftroyed  or  inverted  by  ditto 
154.  magnetic,  their  variation  435  to  442. 
dip  of  the  442  t dipping  defcribed  444.  fuf- 
pended  404. 

Negative  electricity,  what  8.  negative  andpofi- 
tive  eleCtricity  iHuftrated  35. 

Non-conduCtors,  what  6. 

Non-eleCtrics,  what  5,  6. 

O 

Oil  of  tartar,  experiment  with  351.  fallad  oil 
in  a glafs  tube  359.  ditto  in  a dilh  360. 
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Pail,  electrical  294,  295. 

Paper,  quire  of,  perforated  by  a fhock  from  a 
battery  154,  155.  gilt  ditto,  experiment  with 
224.  images,  experiment  with  67,  68. 

Permeability  of  gkfs  148. 

Phofphorus  cantons,  experiments  with  352,  353. 
IVilfori  s'354. 

Picture,  magic  361. 

Piftol  for  inflammable  air  95. 

Point,  to  obtain  a fpark  -with  83.  electrified, 
experiment  on  101.  lucid  cone  102.  lucid 
ftar  102.  wooden,  effeCts  of  109.  immerged 
in  fluids  107.  entertaining  experiments  with 
108.  Point  and  ball  experiment  180,  182. 

Poles  of  a magnet  405.  how  found  406.  ditto 
by  a fmall  dipping  needle  407 . contrary  poles 
attract  each  other  408.  like  poles  repel  each 
other  408. 

Pofitive  electricity,  what  8.  pofitive  and  nega- 
tive illuftrated  35. 

Powder- houfe,  experiment  with  345. 

Prefs  for  melting  metals  40. 

Preijtley,  Dr.  his  experiments  on  eleCtric  light 

87. 

Prifmatic  circles  formed  on  metals  170. 
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Quickfilver  exploded  by  a fhock  from  the  bat- 
tery 166.  experiments  with  drops  of  297. 
raifed  in  a thermometer  by  electric  fparks  324. 

R 

Repujfion,  electric,  experiments  upon  3,  4. 
properties  of  45.  experiments  on  47,  48,  40, 
50,  52.  zones  of  53,  54,  55.  of  feathers 

63.  of  fmall  balls  64.  and  attraction,  the 
caufe  of  it,  not  clear  76.  different  mode  of 
explaining  them  78.  experiments  on  in  vacuo 
80.  magnetic  469  to  462. 

Ribbons,  filk,  experiments  with  58,  59,  60, 
61,  225. 

Ronayne,  Mr.  his  experiments  on  atmofpherical 
electricity  259. 

S 

Stivety , Mr.  on  the  magnetifm  of  the  earth  451. 

Sealing-wax  electrical  4.  curious  experiments 
with  298. 

Shock  electrical,  what  1 1 1 . its  effects  on  the 
mufcles  321.  through  needles  tuck  in  wax, 
putty,  &c.  377. 

Smoke  accelerated  and  contracted  by  electricity 
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Spark  eleCtric,  treated  of  82.  why  appears  of  a 

zig-zag  form  83.  owing  to  the  preffure  of  the 
atmofphere  84.  varies  its  colour  85.  through 

an  ivory  ball  85.  ditto  of  box  wood  86.  of  a 
green  colour  88.  forms  a word  89.  received 
on  a point  89.  with  a glafs  tube  90.  on  dis- 
charging rods  364.  through  different  liquids 

370.  produces  inflammable  air  371. 

Spiral  tube  89.  compound  ditto  364. 

Spirits  of  wine  fired  91,  92,  93. 

Sponge  wet,  experiments  with  295. 

Stockings  filk,  experiments  with  61,  62, 

Swan,  magnetic  403. 

T 

Tartar  oil  of,  in  a glafs  tube  351. 

Terella,  defcription  of  447,  450. 
Thermometer,  eleCtrical  40. 

Thread,  experiments  with  65,  66,  73,  183. 
Thunder-houfe,  experiment  with  178,  180, 
181. 

Torpedo,  electricity  of  315. 

Tube,  fpiral  88.  compound  ditto  364.  capil- 
lary 294,  295.  glafs,  ftrong  fpark  taken 
with  90.  glals,  for  medical  purpofes  329. 
Turpentine  fired  93. 
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V 

Vacuo,  cxpreiments  on  attraction  in  80,  light 
in  300  to  310. 

Variation  compafs  defcribed  433.  of  the  needle 
435.  diurnal  436.  experiments  on  ditto  437 
to  442.  irregular  at  particular  times  436, 
Halley  s account  of  449.  Eulers  ditto  449. 

Vegetation  haftened  by  electricity  314. 

Vibratory  motion  of  the  electric  fluid  56,  of 
water  169. 

Volta,  Mr.  on  electricity  from  evaporation  93. 
on  circuits  171.  electropherous  213.  on  info- 
Jation  225. 

W 

Water  difperfed  by  the  electric  fliock  167,  ex- 
ploflon  over  the  furface  of  168.  agitated  by 
the  fhock  169.  experiment  with  a drop  296. 
297. 

Wax,  fealing,  remarkable  experiment  with 
3 2,  298. 

Weights  railed  by  electricity  161. 

Wilfon,  Mr.  his  experiments  on  the  permeability 
of  glafs  148.  on  condutors  185  to  188.  ex- 
periments on  pojnted  and  knob’d  condutors 
at  the  Pantheon  343.  on  Phofphorus  355. 

Wire,  melted  153,  157.  in  a glals  tube  158. 
lengthened  169. 
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MATHEMATICAL  and  PHILOSOPHICAL 
IN  ST  RUMEN  T S, 

MADE  AND  SOLD  BY 

GEORGE  ADAMS, 

Mathematical  Inftrument-Maker  to  His  Majesty, 
No.  60,  Fleet-Street,  London. 


Optical  Instruments. 

r a a HE  beft  double  jointed  lilver  fpedtacles 
X with  glaftes  — 

T he  beft  ditto  with  Brazil  pebbles  — 
Single  joint  lilver  ipedtades  with  glaftes 
Ditto  with  Brazil  pebbles  — 

Double  joint  ftccl  fpedtacles  with  glaftes 
Another  fort  of  ditto  — r- 

Beft  Tingle  joint  fpedtacles  ' ‘ — 

Ditto  inferior  frames  

N'ofe  fpedtacles  mounted  in  ftlver 
Ditto  in  tortoifefhell  and  lilver 
Ditto  in  horn  and  fteel  — 

Spedtac  les  for  couched  eyes 
Spectacles  with  fhades 
Concave  glaftes  in  horn  boxes  for  fhort 
lighted  eyes 
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Ditto  mounted  in  tortoifefhell  and  filver, 
pearl  and  iilver,  in  various  manners,  and 
at  different  prices 
Reading  glalles,  from  2S.  6d.  to 
Opera  glaffes,  from  ios.  6d.  to 
Ditto  of  an  improved  conftruCtion 
Concave  and  convex  mirrors  in  frames,  from 
7s.  6d.  to  — — 

Telefcopes  of  various  lengths,  fizesand  prices 
Telefcopes  to  ufe  at  lea  by  night 
Acromatic  profpeCts,  horn  15s.  to 
Acromatic  telefcopes,  with  brafs  drawers, 
which  may  be  drawn  out  at  once,  and  that 
fhut  up,  conveniently  for  the  pocket, from 
2I.  12s.  6d.  to  — 

An  optical  vademecum,  or  portable  acroma- 
tic telelcope  and  microfcope,  he.  for 
tranfparent  and  opake  objects,  he.  from 


.i 

0" 


13s. 


6d.  to 


£.  s.  d. 


220 

220 

1 1 o 

1818  o 

in  6 
2 12  6 


A thirty  inch  acromatic  telefcope,  with  dif- 
ferent eye  pieces  for  terreftrial  and  celeffi- 
al  objects,  from  81.  8s.  to 
Ditto  w ith  rack  work 

An  acromatic  telefcope,  about  three  feet  and 
an  hall  long,  with  different  eye  pieces 
Reflecting  telefcopes  of  all  the  various  flzes 
A three  foot  reflecting  telefcope  with  four 
magnifying  powers 

A ditto  w ith  rack  work  

A two  foot  reflecting  telefcope,  with  rack 
work  and  four  magnifying  powers 
A two  foot  reflecting  telefcope,  with  two 

magnifying  powers  

An  eighteen  inch  ditto  

A twelve  inch  ditto  

Doublerefledtingmicrofcopes,from3l.  13s.  6d 

to  - - _ 

Ellis’s  aquatic  microfcope 
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Wilfon’s  microfcope,  improved 
Adams’s  lucernal  microicope  for  opake  and 
tranfparent  objedls,  being  the  moll perfeft 
inllrument  of  the  kind  hitherto  contrived, 
affording  more  entertainment  andinflruc- 
tion  than  any  other  inflrument 
Solar  microfcopes  - 
Ditto  for  opake  obie£ls 
Ditto  - 

Camera  obfcuras,  from  12s.  to 
Glafs  prifms,  from  7s.  6d.  to 
Magic  lanthorns 
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16  16  o 
21  00 

7 7 o 
220 
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Geographical  and  Agronomical  Inflruments, 


Adams’  new  eighteen  inch  globes  mounted 

in  the  mod  approved  forni,  from  9I.  9s.  to  27  o 
Ditto  in  the  Ptolemaic  or  common  manner  6 6 

Ditto,  twelve  inches  in  diameter,  mounted 


in  the  bell  manner,  from  5I.  5s.  to  6 16 

Ditto  in  the  common  manner  - 3 3 

An  armillary  dialling  fphere  - - 40  o 

Manual  orreries,  from  il.  is.  to  3 13 

Planetarium,  tellurian,  and  lunarium  31  10 

Adams’s  improved  equatorial  dial,  or  port- 
able obfervatory,  from  7 1.  17s  6d.  to  31  10 
Horizontal  fun  dials,  from  5s.  to  - 12  12 

Univerfal  ring  dials,  from  7s.  6d.  to  3 3 

Tranfit  inflruments 

Agronomical  quadrants,  from  50I.  to  800  o 
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Mathematical  and  Surveying  Inflruments. 

Cafes  of  drawing  inflruments,  from  7s,  6d.  to  35  o o 
Neat  magazine  cafes  of  inflruments  ■*  1 1 1 1 o 

Eliptical  compaffes  - - 4 4° 

Beam  compaffes  with  divifions,  & c. 

Triangular  compaffes  of  a new  conflru&ion 
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Adams’s  feCtoral  elliptical  and  callippercom- 
paffes  in  one  inftrument,  from  4I.  14s.  6d.  to 
Adams’s  protracting  parallel  rules,  and  uni- 
verfal  plotting  fcale 

Protraftors,  feCtors,  fcales,  parallel  rules,  &c. 
A new  inftrument  for  taking  perfpeCtive 
views,  &c.  - 

A ditto  for  afcertaining  points 
Another  inftrument  for  taking  views 
Pantographer,  from  2I.  2s.  to 
Plain  tables,  from  3I.  13s.  6d.  to 
Theodolites,  from  4I.  4s.  to 
A neat  portable  theodolite 
Adams’s  improved  double  theodolite,  ex- 
ceeding, for  accuracy  and  utility,  every 
former  kind,  from  12I.  12s.  to 
Meafuring  wheels,  from  61.  6s,  to 
Circumferenter,  from  2I.  2s.  to 

Philofophical  Inftruments. 

ImprovedeleCtricalmachines,  from  31. 13s.  6d. 
to 

EleCtrical  machine  and  apparatus,  in  a box, 
from  61.  1 6s.  6d  to 
Medical  apparatus 

EleCtrical  machines,  with  a feleCted apparatus, 
in  a box,  from  7J.  7s.  od.  to 
Batteries,  and  all  other  parts  of  an  eleCtrical 
apparatus 

Small  tingle  barrelled  air  pump 
Small  double  ditto 
A large  ditto 
Table  air  pump 

An  improved  air  pump,  fuperior  to  Smea- 
ton’s  conftruCtion  of  the  pump 
Apparatus  to  an  air  pump,  from  4I.  4s.  to 
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Barometers  - - -220 

Ditto  - - - 2 12  6 

Barometers,  Thermometers,  from  3I.  3s.  to  5 5 o 

Marine  barometers 

Thermometers,  in  mahogany  boxes,  from 

il.  ;s.  to  - - - in 

Ditto  with  Reaumur  and  Farrenheit’s  fcales, 

Botanic  thermometers  - - o iS  o 

Thermometers  for  brewers,  from  12s.  to  2 2 o 

Hygrometers,  from  10s.  6d.  to  - 3 f3  6 

The  mechanic  powers,  comprifed  in  a fmall 

neat  form  - - - 21  o o 

Ditto,  fitted  up  on  a larger  fcale,  with  im- 
provements 

An  apparatus  for  making  experiments  on 
accelerated,  retarded,  and  rotatary  motion 
A mechanic  apparatus  fitted  up  for  the  pur- 
pofe  of  inflrufting  young  people,  &c.  • 

A pneumatic  apparatus,  fitted  up  for  the 

fame  purpofe  - - 15  rs  o 

An  eleft rical  apparatus,  fitted  up  on  the  fame 

plan  - - - - 770 

A magnetical  apparatus,  from  2I-  12s.  6d.  to  10  10  o 
Condu&ors  for  fhips  to  prelcrve  them  from 
lightning 
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